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A Blast Furnace 'Turbo- Blower 


For 140,000 cub. ft. per min. Output at 34 lb. per sq. in g. Pressure 
By D. W. RUDORFF, A.A.I.E.E., M.Inst.F., F.R.S.A. 


Little has been published in recent years on test results obtained with blast-furnace turbo-blowers, and 

the series of test reports reviewed in this article therefore are of considerable interest. They 

concern unusually exhaustive test reports, relating to an extremely large blast-furnace turbo-blower 
installed in Russia, which, until now, are believed to be unknown outside that country. 


4450 


large output of 140,000 
cub, ft. per min. at 34 lb. per sq. 
in. g. pressure with a power 
consumption approximating 
14,000 kw. has recently been 
installed in the Azov Steel Works 
at Mariupol, Russia. A section of 
this machine, designed and built 


BLAST-FURNACE turbo- 
blower for the unusually r 


by the Nevska Machine Con- 
struction Works, is given in Fig. | 
This turbo-blower appears to be Rie: 


well designed from the aerodyna- ae | 
mic viewpoint, although its effici- i = = 
ency is below that obtainable with | 
the designs of European builders. | 
The machine is driven by a steam N it = 4 | 
turbine. Two different blower 
rotors were built, one of 1,450 9 1200 4200 —+| 
mm. and the other of 1,500 mm. 
diameter. The operating charac- J | a 


teristics were ascertained in a 
series of tests' which chiefly 
covered the following points :— 

(a) Investigation of the variation in delivery pressure, 
power consumption, and polytropic efficiency with the 
load. Test runs with the inlet throttle wide open were 
carried out at speeds of 2,750 r.p.m. and 3,000 r.p.m. with 
the 1,450 mm. rotor, and at 2,750 r.p.m., 3,000 r.p.m., and 
3,100 r.p.m. with the 1,500 mm. rotor. 

(b) Determination of the characteristics of the throttle 
valves in the two inlet branches of the blower, and the 
influence of the varying degrees of throttling upon inlet 
and outlet air pressure at various loads. 

(c) Determination of the characteristics of the non- 
return valve located in the blower discharge pipe. 

(d) Investigation into the running properties of the 
machine, including the degree of vibration, bearing friction, 
thermal expansion, etc. 

Altogether 59 test runs were made. The test arrange- 
ment, outlined in Fig. 2, included a specially constructed 
suction pipe of 1,700 mm. inside diameter, and a delivery 
pipe of 1,200 mm. inside diameter with non-return and 
stop valve. For the sake of greater accuracy, all important 
test readings were duplicated. With regard to the air-flow 
measurement carried out by employment of an orifice, care 


1] Sovetskee kotloturbostroenie, No. 5, 1939. 
2 Regeln fiir die durchflussmessung mit genormten diisen und Blenden, 4th Oct,, 1937. 


Fig. 1.—Longitudinal section of the blower. 


was taken to obtain average differential pressure over the 
pipe area by the use of four to six peripheral tappings of 
2mm. bore before and after the orifice. Duplicated 
readings were obtained by the use of two separate sets of 
U-tube manometers. For the measurement of air tempera- 
tures, precision thermometers with 0-1° C. graduations 
were used, and the necessary correction factors carefully 
determined. Relative humidity of the air was determined 
with an August psychrometer. 

In order to determine the characteristic of the non- 
return valve, the pressure drop across this valve was 
ascertained by measuring the pressure on the upstream 
side at a point two pipe diameters distant from the valve, 
and on the downstream steam at a point three pipe 
diameters distant. The speed of the machine was read 
off the turbine tachometer, which was checked with a 
precision hand-tachometer. 

The barometric pressure data were based on data 
supplied by the local meteorological station, correcting 
them for difference in elevation. Direct measurement of 
the power consumption of the blower was not possible ; 
it was therefore computed from delivery rate and rise in 
air temperature. Precision callipers were employed for 
ascertaining the thermal expansion of various machine 
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Fig. 2. Test hook-up of the blower. tos Im 
parts, while the vibration of the machine was measured 
with a Westinghouse instrument. During each test run 
the speed of the blower was maintained constant within 24 59 
l0r.p.m. All readings were taken only after the machine a a 
had reached thermal equilibrium under established operat- 2 
ing conditions. As a rule, readings were made every 5 mins. wl T “ 13 
The only exception was the test of the throttle valve during 2500 . - 4000 
» Go we? | mia.) 
which test run readings were taken every 2 mins. 
$0000 100000 170000 720000 730000 #0000 750000 
Blower Characteristics with the Throttle Valves Fig. 5 > @,[ ft2/min] 
Wide Open 
Delivery rate G (kilog./min.) and delivery volume Q ‘ “4400 
(cub, m. min.) were based on the well-known equations— = 
G Aa (p’ Ap R T’)! 
Q=GRT,/p, z = = 
where p’ (kilog./m.*) absolute and T’ C.) absolute, repre- 41000 —— 7 
sent pressure and temperature before the orifice, and p, = === 
(kilog..m.*) absolute and T, absolute, represent === 
pressure and temperature in the suction line. Op is the = 
4 pressure drop across the orifice in kilog./m.? It is further 
A 60 4 (2g)' d® a = constant, where a is the discharge 
coefficient, which was found for the given diameter ratio 
d D 0-985 1-7 from the standard diagram contained = 
in the German rules for the measurement of quantity of 065 én 
flow with standard nozzles and orifices.* “a 
R absolute) is the gas constant of air, its value | “thy, 
being established according to ‘he aforementioned German 
rules, while o is a correction factor, its value dependant : < 
Fig. 3. Test characteristics of the turbo-blower. 22 
Fig. 4..-Characteristics of the turbo-blower with 1,450 mm. T ‘mi 2 
dia. rotor. Atmospheric conditions: t, 25°C., Px, 3000 
0.9925 atm. 
Fig. 5.- Characteristics of the turbo-blower with 1,500 mm. 
dia. rotor. Atmospheric conditions: t, 25° C., 


0.9925 atm. Fig. 4. 
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Fig. 6.—-Characteristics of the non-return valve. 


Compression factor ¢, polytropic efficiency »,., and 

energy consumption N (kw.) are given by— 

= pa/?. 

log 

7 log (T,/T,) 
x — GR (Ts — TY) 

60-102 
where p, (kilog/m.*) absolute and T, (°C.) absolute are 
pressure and temperature on the delivery side of the 
blower, and & is the adiabatic constant equalling 1-4. 
While the mechanical efficiency »,, of the machine was 
assumed as 0-99. 

In order to facilitate the establishing of the complete 
characteristics from the various test data, all readings were 
reduced to standard conditions at T,, = 298° C. absolute 
and p,, = 0-9925 atm., with a value of R, = 29-27 for 
dry air. For this reduction the following relations were 
used :— 
ny 

Q, n Q Hen n2 

7 pol, = 7 pol’ 

(> RT, 
n/p, 


n.\? RT, 3 
log «, = Atog | 1 R (e! —1) | 


Pa, = Ps, €o 
where H,, = R T, A (e'/* — 1) and A = [k/(k — 1)] 7 pol. 

The complete characteristics computed on the basis 
of the test results are given in Figs. 3 and 4 for the 1,450 mm. 
diameter and the 1,500 mm. diameter rotor respectively, 
while the original test data are charted in Fig. 5. An 
interesting feature of the graphs given in Figs. 3 and 4 
are the lines of constant power consumption which are 
obtained by connecting the loci of identical power con- 
sumption of the pressure characteristics at different speeds. 
It should, however, be noted that due to the variation in 
blower efficiency with varying load conditions these lines 
of constant power consumption are not straight lines, as a 
superficial inspection would suggest. 

In Fig. 6 the frictional resistance of the non-return valve 
is expressed by the relationship between A p’'/p, and G? 
¥,/Ps, Where Op’ (kilog./m.*) is the pressure loss in the 
non-return valve, and v, (m.5/kilog.) is the specific volume 
given by v, = R T,/py. 

The air pressure obtaining at the discharge side of the 
non-return valve is given by— 

Pa = Pa — (A p'/ papa 


= N 
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Fig. 7.—-Characteristics of the throttle valve. 


Regarding the characteristics of the throttle valve in 
the suction line (actually there are two valves—one in 
each of the two inlet branches), it would be useless to 
establish this characteristic on the basis of a friction factor 
¢ in a pressure-drop equation of the form A p = ¢ y, C*,/2g, 
since the coefficient ¢ itself would be a function of the 
pressure drop. The characteristics of the inlet throttle 
were therefore established on the basis of the relationship 
between 5p/p. and (Q/10)? RT., the latter expression 
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Fig. 8.—Characteristics of the turbo-blower, with 1,450 mm. 
dia. rotor, for a throttle position % = 65°. Atmospheric 
conditions t, = 25° C., Ps, = 0.9925 atm. 
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being proportional to C2/R T,, where C, is the air velocity 
in m per second, and p, and T, are pressure and temperature 
before the throttle. Throttle characteristics for various 
values of & are shown in Fig. 7. 

The characteristic of the blower as influenced by the 
various degrees of throttle opening can be theoretically 
established by way of a computation, in which the effect 
of the throttle characteristic upon the blower characteristic 
with wide open throttle is considered. This computation 
must be based on the following relationships— 

P= (8 P/P.) = /P) Q 

Pa = (p/P Pa N’ = (p,'/p.) N 
where 5 p/p, is determined by the expression (Q/10)?/R T° 
and by the angle #%, as shown in Fig. 7, and where p,’, p,’, 
and N’ represent suction pressure, delivery pressure, and 
power consumption respectively for various degrees of 
throttling ; while Q, represents the delivery on the volume 
basis, based on the condition of the air prevailing at the 
inlet of the throttle. 

The blower characteristics established for 3,000 r.p.m., 
2,750 r.p.m., and 2,400 r.p.m., with a throttle opening of 
65° are shown in Fig. 8. In all, the blower was operated 
for approximately 100 hours during the various test runs. 
The amplitude of the vibrations recorded did not exceed 
0-008 mm. on the scale of the Westinghouse instrument, 
and this amplitude was not exceeded when the machine 
passed through its critical speed. 

Regarding the probable error incurred in the determina- 
tion of the most important operating data, as power con- 
sumption, delivery pressure, ete., this is stated not to 
exceed plus or minus 1°,,. 


Recovery of Nickel, Copper and Precious 
Metals by a Combined Electrothermal and 
Electrolytic method 


Propuction of electrolytic nickel and copper by direct 
electrolysis of an electric converter metal is discussed in 
a recent report which describes the treatment of low-grade 
nickel-copper sulphide ores from the Bunkerville, Nevada, 
district. The valuable base-metal minerals in the Bunker- 
ville ore consist of chalcopyrite, pentlandite, nickeli- 
ferous pyrrhotite. The pyrrhotite is intimately associated 
with the pentlandite, but can be partly liberated from the 
chalcopyrite ; consequently, it probably is difficult to 
separate the nickel and copper values by selective ore- 
dressing methods. 

The type of mineralisation of the ores tested is compared 
to that of the Sudbury Basin, Ontario. An organised 
magnetometer survey, followed by diamond drill exploration 
of the outcrops, is believed to be justified. Ore analysis 
varies from 0-5 to 1-65°,, nickel, from 0-5 to 2-9°,, copper, 
and contains appreciable platinum group values. 

The general problem on this ore was attacked from the 
standpoint of a process involving concentration of the ore, 
electrothermal smelting and converting of the concentrates, 
casting of white-metal anodes containing nickel, copper 
and the precious metals, and subsequent independent 
recovery of these metals by electrolytic methods. 

In preliminary operations the matte contained 95°,, of 
the copper and nickel, and the concentration ratio for the 
operation was 3-7 to 1-0. Results of this nature indicated 
the desirability of larger-scale tests in an electric furnace, 
so that enough matte could be made for converting to 
white metal in a pilot-size converter. Subsequently, bulk 
flotation concentrates of this low-grade ore were made with 
2°, recovery of the copper and 95°, recovery of the nickel. 
Concentrates analysed 4-6°,, nickel and 6-1°,, copper and 
0-327 oz. platinum group metals per 2,0001b. Waste 


slags from the electric furnace smelting of these concen- 
trates analysed 0-11°., copper and 0-05°,, nickel. 

By means of an oxygen-air mixture and electrothermal 
energy the production of a lower sulphur converter anode 
was made possible. The analysis of this metal is : 


Nickel, 
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39-4°, ; copper, 44-4°, ; iron, 0-3°, ; and sulphur, 13.2%. 
A brief résumé of the Stanley and the Hybinette processes 
is given in the report. 

Copies of this paper, Report of Investigations 3483, may 
be obtained gratis from the Bureau of Mines, Washington, 
D.C., U.S.A. 


Imports of Iron and Steel Goods 
Tue Treasury have issued the Import Duties (Exemptions) 
(No. 1) Order, 1940, which adds to the Free List the 
following iron and steel goods :— 

Railway and tramway construction material of the 
following descriptions: Sleepers, tie rods, tie bars, 
fish plates, sole plates and continuous joint plates. 

Bolts, whether threaded or not, bolt ends, set screws 
and screw studs, and other screws for metal, and nuts, 
whether tapped or not (including washers assembled 
with any of those articles). 

Coach screws. 

Rivets (other than bifurcated rivets manufactured from 
wire and tubular rivets with open ends) and washers. 

Wire netting, wire fencing and wire mesh, of all kinds 
(including woven wire). 

Nails (including | obnails, boot and shoe studs and spikes), 
tacks and staples (other than insulated staples). 

Parts of railway and tramway rolling stock, being 
products of iron or steel of the following descriptions : 
Wheels, tyres, axles and buffers. 

The Treasury have also issued the Additional Import 
Duties (No. 2) Order, 1940, and the Additional Import 
Duties (No. 3) Order, 1940, which are consequential upon 
the Import Duties (Exemptions) (No. 1) Order, 1940. 

The Orders came into operation on March 18, 1940, and 
are published by H.M. Stationery Office, York House, 
Kingsway, London, W.C. 2, as 8.R. and O., 1940, Nos. 352, 
353 and 354, respectively, price ld. net, 14d. post free, each, 


Control of Chrome Ore, Magnesite 


and Wolfram 

The Minister of Supply has appointed Mr. W. T. V. 
Harmer to be Controller in respect of Chrome Ore, Magnesite 
and Wolfram. The offices of the Control are at Broadway 
Court, Broadway, Westminister, London, 8.W.1 (Tele- 
phone : Abbey 2734'. 

Iron and Steel Scrap Control 
THE Minister of Supply has made the Control of [ron and 
Steel (No. 7) (Scrap) Order, 1940, Direction (No. 2) to 
take effect as from April 1, 1940, superseding the Direction 
(No. 1) issued with the Control of Lron and Steel (No. 7) 
(Scrap) Order, 1940 (S.R. and O., 1940, No. 287). 

The issue of the new Direction marks an important 
change in the method of operation of the control of scrap 
iron and steel. Hitherto, it has not been necessary for 
purchasers to obtain licences to acquire iron and steel scrap, 
save for four special grades, but as from April 1, 1940, any 
person desiring to acquire scrap iron or steel must be 
authorised by licence so to do, except in the case of a 
person (other than one operating an iron or steel works or 
foundry or forge) who confines his acquisitions to quantities 
not exceeding in the aggregate one ton from any one person 
in any one week. This exception has the effect of leaving 
local authorities and voluntary organisations free to 
continue house-to-house and other collections of scrap as 
hitherto. 

Application forms for licences can be obtained from 
the offices of the Iron and Steel Control, Steel House, 
Tothill Street, Westminster, London, S.W. 1. 

For the time being it is intended to issue general licences 
to merchants and restricted licences to consumers according 
to the quality they require. 

Copies of the Direction may be purchased from H.M. 
Stationery Office, York House, Kingsway, London, W.C. 2, 
or through any bookseller. 
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Steel Supplies 


New Distribution Scheme in Operation 
<i ERE is abundant evidence that the steps taken to 


place the iron and steel industry in a better position 

to meet the needs of the country have proved 
invaluable to the industry and consumers alike. Although 
much pressure seemed necessary to impress upon the 
Government the vital importance of the industry, once it 
was recognised rationalisation of the industry was tackled 
with commendable energy. Some progressive firms, 
however, did not wait for Government support, but 
schemes for reorganisation were put into operation in 
the throes of a world price slump. Despite the obstacles 
to the development of this industry, remarkable progress 
has been made in reconstruction, the beneficial results of 
which have been seen during the last few years in greatly 
increased production; these results are particularly 
important now that a national emergency has arisen and 
abnormal demands have brought into use all the producing 
plants in the country. Since the outbreak of hostilities 
the production of iron and steel has been maintained at a 
very high level, although production figures are not 
available it is probable that record high output figures 
have been established. 

Even the increasing production, however, is not satisfying 
the demands made upon manufacturers and to meet 
Government needs for war purposes a system of priority 
was instituted by means of a licensing scheme by which 
consumers could obtain supplies if the work on which they 
were engaged was regarded as essential by the licensing 
authority. Obviously Government priorities must be met 
to the fullest possible extent, but the system, generally 
recognised as necessary for a time, could only be regarded 
as an expedient to overcome a difficult period. Experience 
has shown this system to be inadequate ; there has been 
competition between various Government departments for 
supplies and the tendency has been to take a very liberal 
view of future requirements, with the result that steel 
not required immediately for one branch of the services 
has been supplied well in advance of the more immediate 
needs of another branch. It is to overcome these difficulties 
that a new scheme for the distribution of supplies of steel 
was put into operation at the beginning of this month. 

This new scheme operates on a rationing basis and has 
three main objects in view, viz. :—To secure an equitable 
distribution of available steel supplies ; to ensure that the 
required quantities shall be delivered for Government 
work, and be applied to that work ; and to avoid delays 
in delivery. It calls for the steelmaker to accept tonnage 
orders during a three-months period corresponding to his 
capacity to deliver during that period. Under the licensing 
system one of the difficulties experienced by the steelmaker 
was the order of priority of the claims on available supplies 
by the various Government departments, the public 
services, and each branch of industry. From this aspect 
the scheme is helpful since it indicates that the require- 
ments of each class of consumers have been assessed after 
the experience of the last six months and of future depart- 
mental and industrial needs. 

The consuming interests are grouped in a convenient 
form but all are under Government departments ; these 
in conjunction with the Iron and Steel Control are respon- 


sible for allocating supplies of finished steel to the services 
embraced by the Departments. The Air Ministry, for 
instance, is responsible for all Royal Air Force requirements; 
the Admiralty assumes responsibility for the requirements 
of the Navy and for the mercantile ship-building and 
repairs ; the War Office for the requirements of the B.E.F. ; 
and the Ministry of Supply for all other requirements of 
the Army and for machine tools. The Board of Trade is 
responsible for supplies of steel required for civil purposes, 
except where these are specially covered by another 
department, and for exports either wholly or partly made 
of steel; for railway, road, canal and port requirements 
the Ministry of Transport is responsible; the Mines 
Department for the requirements of mines and quarries ; 
ete. 

It will be some little time before the scheme is fully 
operative because the volume of contracts on hand which 
come within the licensing scheme is so great that works 
are sure to be fully occupied for many months in fulfilling 
these commitments, but during the transitional period an 
effort will be made to bring these contracts under the 
rationing system in order to widen the scope of available 
supplies. Under the new scheme the Departments placing 
contracts will allocate a total tonnage of finished steel for 
each contract, which will include all finished steel required 
by both main and sub-contractor. The allocation will 
carry a Department symbol, a contract number, and 
delivery periods giving tonnages and particulars of steel 
for delivery in the period. This information will be used 
when the contractor or sub-contractor orders supplies of 
steel for the work in hand. The Department places the 
responsibility for the total estimated tonnage of steel for 
a particular contract on the main contractor and arrange- 
ments are made for the replacement of steel used from the 
contractors’ stock or from the stock of merchants, who are 
regarded as sub-contractors. 

There are strong indications that as a result of this new 
scheme distribution of steel will be more closely scrutinised 
than under the licensing scheme, but, for a time at least, 
in view of the immense purchases by Government Depart- 
ments, it is doubtful whether there will be any appreciable 
tonnage of finished steel products available for overseas 
shipments. The new scheme includes arrangements for 
the allocation of finished steel for the manufacture of 
goods for export by the Board of Trade, and the Iron and 
Steel Control, in consultation with this Department, will 
operate the arrangement, except in such cases as arrange- 
ments are made with organised industries. Exports of 
finished steel to India will continue to be dealt with by 
licence of the Lron and Steel Control, while finished steel 
or products involving steel destined for France will be 
allocated by the Ministry of Supply. It is noteworthy that 
manufacturers have been advised by the Board of Trade, 
that, after the end of June, it is intended to distribute 
allocations for manufactured goods to be exported through 
export groups, and manufacturers are urged to join an 
export group corresponding to their particular trade. 

The objects of the new scheme are commendable and 
will prove gratifying to manufacturers who are trying 
to export their product but find their activities curtailed 
by difficulties in obtaining supplies of steel, but their 
degree of gratification will be governed by the amount of 
steel released for these purposes after the Government’s 
needs are met. 
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The British Machine Tool Industry 


HE outline of the experience of the machine tool trade 

given in our leading article in the March issue has 
resulted in considerable correspondence. Many corres- 
pondents consider that the position of the trade after the 
last war was understated rather than overstated, but all 
seem to agree that a similar position should not be ex- 
perienced at the end of the present war. We believe that 
the Government has, at last, been sufficiently impressed 
with the vital importance of this industry and will be 
prepared to assist in stabilising it when hostilities cease, 
it must be appreciated, however, that the initial work to 
that end must be carried out in the industry itself. We 
understand, on good authority, that a committee has now 
been appointed by the trade to consider some of the 
questions raised and to endeavour to formulate a scheme 
which could be successfully put into operation when the 
opportunity presents itself. 

Several interesting proposals have been submitted by 
correspondents, and, elsewhere in this issue, we publish 
a few letters, which contribute to the questions raised. 
We do not necessarily agree with the views expressed, but 
we do believe that, to be successful in its application, a 
scheme will have to be thrashed out by those intimately 
connected with the manufacture of machine tools. The 
proposals are made by readers connected with the industry, 
and this adds to their interest. 


Germany and Swedish Ore 

HE need for Swedish iron ore by the German iron and 

steel trade depends less on the tonnage shipped than 
on its quality and richness. The iron ore available in 
Germany is of poor quality and has a relatively low iron 
content. It is this deficiency of domestic iron ore that is 
presenting a serious problem to the German iron and 
steel industry and which is intensified by the Allied 
blockade. The Swedish ore contains about 65 to 70 per 
cent, of iron and by comparison is more than twice as rich 
as the average ore mined in the Nazi Reich. In addition, 
the ore desired from Sweden contains a percentage of 
phosphorus which is particularly suitable for the basic- 
Bessemer of steelmaking, a which is 
responsible for nearly half the German steel production, 

Germany has carried out considerable experimental work 
on her lean ores. The main method adopted in the earlier 
work was to mix the poor domestic ores with rich ores 
imported from foreign countries. More recent work has 
been in progress by which the lean ores are treated alone 
in a separate furnace, but with an acid slag instead of a 
basic slag, as is normal, Special treatment and much 
greater care than usual is necessary and the cost of pro- 
duction is considerably increased. Despite these costly 
efforts to raise, treat and smelt Germany's lean ores, 
imported material is of great importance in maintaining 
output and quality. 

There can be no doubt that a complete stoppage of the 
ore traffic from Sweden would hamper the German iron 
and steel trade, but this will not necessarily cripple it. 
The working of the domestic ores with rich ores is un- 
doubtedly the more economic method, but it is apparent 
that the German Government is less concerned with the 
economic aspects than with the project to supply the 
iron and steel industry with increased quantities of iron 
ore, Stoppage of supplies of sich ores certainly causes her 
a great deal of trouble, but it will be realised that big 
reserves have been accumulated and the country could be 
thoroughly combed for scrap. When the demand becomes 
really acute in Germany, we can expect that those in 
authority in that country will be ruthless in uprooting 
iron structures which can be spared. Now that the war 
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has spread to Norway and Denmark it is doubtful how 
Germany can expect to obtain supplies of ore by way of 
the winter route and later reports seem to indicate that 
even supplies through the Baltic may cease. 
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The Iron and Steel Institute 

THE annual meeting of the above Institute will be held at 
the Offices of the Institute, 4, Grosvenor Gardens, London, 
S.W. 1, on May 2 and 3 next, commencing at 10 a.m. each 
day. At the business meeting on the first day the annual 
report and statement of accounts will be presented and 
new members and associates will be elected. Subsequently 
Mr. John Craig, C.B.E., chairman and managing director 
of Messrs. Colville’s Ltd., the new President of the Institute 
for the next two years, will be inducted into the Presidential 
chair by the retiring President, The Rt. Hon. The Earl 
of Dudley, M.C. 

At the same 
awards will be 


meeting the presentation of the various 
made ; these include the Bessemer Gold 
Medal for 1940 which has been awarded to Dr. Andrew 
McCance, of Glasgow, in recognition of his eminent 
services in connection with the application of science to 
the iron and steel industry. The Council have decided to 
award an Andrew Carnegie Silver Medal to Mr. Bo W. L. 
Ljunggren, for his memoir entitled ‘‘ Method of Sclero- 
grating Employed for the Study of Grain Boundaries and 
of Nitrided Cases ; Grain Structures Revealed by Cutting.” 
The award of the William’s Prize has been divided between 
Mr. W. B. Lawrie for his paper on ** The Refining of Metal 
in the Basic Open-Hearth Furnace; The Influence of 
Fluorspar on the Process,’ and Mr. W. T. Wilson for his 
paper on “The Rolling of Sections at the Appleby- 
Frodingham Steel Co. Ltd.” No papers have been received 
in competition for the Ablett Prize, but this prize is 
renewed for competition in 1940, the condition governing 
which can be obtained from the Secretary of the Institute. 
Several technical papers will be presented for discussion. 

A members’ luncheon will be held on May 3, at | p.m., 
at Grosvenor House, Park Lane, London, W. 1. 


The Institute of Metals 

Ar the recent annual general meeting of the Institute of 
Metals Lieut.-Col. the Hon. R. M. Preston, D.S.O., the new 
President, had a few words to say about the work of the 
Institute during the war. As a measure of economy the 
Council has decided to restrict publications, on the other 
hand, the May Lecture has been arranged, and local sections 
are continuing their meetings. Although financial economy 
is necessary, economy of effort is not to be contemplated ; 
though we darken our streets and dim our lamps, the black- 
out must not, and shall not, extend to scientific research. 
The work of the Institute must, of necessity, be hampered 
and impeded in many ways during the war, but by the 
continued efforts of officials and members, it will emerge 
at the end of the war stronger, more authoritative, and 
more representative than ever before. 

It was announced that the following had been elected 
to fill vacancies on the Council: Vice-Presidents: 8S. F. 
Dorey, D.Se., WR.Ex. : Eng. Vice-Admiral Sir Geo. Preece, 
K.C.B. ; A. J.G.Smout, Honorary Treasurer : Lieut.-Gen. 
Sir J. Ronald E. Charles, K.C.B., C.M.G., D.S.O. Members 
of Council: W. E. Alkins, D.Se.; G. L. Bailey, M.Sc. ; 
F. C. Braby, M.C., B.Sc. ; Col. P. G. J. Gueterboek, D.8.0., 
M.C., T.D., M.A.; Prof. D. Hanson, D.Sc. The Council 
has elected the retiring Honorary Treasurer, Mr. John Fry, 
a Fellow of the Institute, in recognition of his distinguished 
services, 

May Lecture and General Meeting 

Professor J. D. Cockroft, F.R.S., M.A., Ph.D., M.Sce., 
Jacksonian Professor of Natural Philosophy, University of 
Cambridge, has accepted the Council's invitation to deliver 
this year’s May Lecture, his subject being ** The Cyclotron 
and its Applications.” It is expected to be given in the 
evening of Wednesday, May 8, at the Institution of Mec- 
hanical Engineers, and to be preceded—on the afternoon 
of the same day—by a general meeting of the Institute, 
at which several papers will be discussed. 

Tickets of admission of visitors to the May lecture are 
obtainable from the Secretary of The Institute of Metals, 
4, Grosvenor Gardens, London, S8.W. 1. 
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NOTCHING 


Its Effect on Coarse and Fine Crystalline Materials at Low 
and Elevated ‘Temperatures 


By GEORGE WELTER 


Aprin, 1940 


An investigation on the plastic behaviour of Armco iron, zine, aluminium 

alloy and brass under limited and free deformation in tensile tests is described. 

The dependence of resistance to deformation and deformation capacity on notches, 

temperature and crystalline structure is discussed, following the results of tests, 

and the numerical determination of differences in tensile strength of individual 
materials is given. 


of the notch. P. Ludwig and R. Scheu® were the first 


the deformability of metals and alloys used in 
engineering and their technological and mechanical 
properties are still insufficient to allow of a clear insight 
into the processes which take place in plastic deformation. 

This article’ is submitted as a contribution to the 
question of the plastic behaviour of certain metals and 
alloys subjected to both free and restricted deformation 
under tensile stress, these two conditions of deformation 
being obtained by various acute notch influences impeding 
the flow process in steps and by testing materials of finer 
or coarser crystalline structure. Moreover, endeavour 
has been made to influence still further the flow process 
by using materials of greater or lesser deformability at 
various temperatures, that is, in a range of —50 to 400° C, 
The influence of different temperatures on the flow pro- 
perty of the materials has also been investigated in relation 
to the process of plastic deformation, which arises during 
1olling and extruding at various high temperatures. Hard- 
ness tests, in the zones of deformation and recrystallisation 
tests after plastic deformation, were also carried out to 
arrive at some conclusion on the questions raised. 

As is known, test bars with or without points of weak- 
ness (notches, holes, etc.) subject to high stresses differ 
widely in their properties of strength and _ plasticity. 
According to Preuss* notched test pieces under tensile 
stress show very considerable excess tensional stresses, 
as compared with the mean normal tension in the vicinity 


cer experience on the association between 


'The experimental part of this work was carried eut in the Institute for Metallurgy 
and Metallography of the Warsaw Technical High School in 1958-39, tegether with 
J. Mila. fo whose co-operation I now express my sincere thanks, 

Journal p. 664, 


to demonstrate clearly in figures the influence of the notch 
on increase of tensile strength of deformable materials. 
This increase arises in that the sectional contraction of 
the test bar is impeded at the base of the notch. A multi- 
axial tensional condition occurs in this part of the bar 
which imparts a high axial tension to cause the material 
to “ flow.” On the other hand, on account of the notch, 
the elongation and work expenditure of the material is 
much reduced. 

Later, apart from these basic tests, some observations 
were made on the depth of the notch with less plastic 
material by P. Ludwig', as also by A. Thum and Bautz® 
in relation to resistance to deformation. With plastic 
materials in particular, the effects were clearly apparent, 
whilst with ordinary brittle grey cast iron, for example, 
no considerable influence on mechanical and __ plastic 
properties was exercised by the notch. 

Investigations of this kind with their wide potentialities 
have not so far been carried out in this way with other 
constructional materials, nor have they been extended 
to other conditions and test methods, 


Materials 
The materials which were used in the present tests are 
shown in Table |, together with their chemical com- 
position, thermal treatment, granular dimensions and 
hardness. They comprise Armco iron, zinc, an aluminium 
alloy of the Al-Cu-Mg type, and also brass of known 
3Stahi und Eisen, 43 (1923), p. 999, 


4SJournal of the VDI (1926) 1. 
5Stahl und Eisen, (1935) p. 1025. 


TABLE L. 


| Chemical 


Material. | Composition | Structure. 
o 


0-03 


| | Mn 0-03 | Fine crystalline Annealed at 950° for $ hour. Cooled off in atmosphere. | 0-028 
| 4 0-037 Coarse crystalline | Elongated by 5° and recrystallised at 820° for three hours. 0-086 
| Fe residue : 
(| Pb 0-014 | Fine crystalline Annealed at 100° for two hours, cooled off in atmosphere. 0-52 
(| Zn residue | Coarse crystalline | Further annealed one hour at 350°.............6..0005 3°2 
SR. RE | 
| re ah Fine crystalline Annealed at 700° for 4 hour, cooled off in atmosphere ...... 0-28 
Brass Ph 1-28 j 
Coarse crystalline | Elongated by 5°,, and recrystallised at 700° for three hours. 0-41 


\| Sb Traces 

Cu 3-81 

( Fe 0-45 

\luminium Mn 0-50 
alloy Al-Cu-. | Si 0-55 
Mg Class | Mg 0-66 


Improved 


Al residue 


COMPOSITION AND TREATMENT OF THE MATERIALS. 


Annealed at 510° 4 hour, hardened in cold water, and stored 


¥ 
| Size of 
Treatment. | Grain. 


Brinell 
Hardness, 
Kg/mm?. 


mim, 


| 
| | | : 
84-9 
76-3 
40-2 
| 31-8 
| 72-4 
| 68-8 
- | | J 
| | | | | 
| | 
| 
| 
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composition and of varying granular dimensions and 
hardness. The granular dimensions of Armco iron were 


increased by recrystallisation after cold deformation of 


5°, with subsequent annealing for three hours at 820° C. 
With the coarser test pieces, the size of grain was about 
three times that of the fine-grain material, which corres- 
ponds approximately with the difference which is found 
in practical work, whilst with zine the grain was made 
about six times coarser than the fine crystalline material. 
With brass, in spite of repeated tests under varying 
conditions, it was possible to secure, by preliminary 
mechanical and thermal treatment, granular dimensions 
which varied very little from the fine crystalline brass. 
The grain sizes were 0-28, as against 0-4 mm. p granular 
structure, so that coarse crystalline material differed 
relatively little from the fine crystalline, and thus, in a 
certain confirmed the results obtained on _ fine 
crystalline materials. Aluminium alloy of one granular 
structure only was examined. 


sense, 


Test Procedure 


The material was made up into test bars, as shown by 


Fig. |. The tests were carried out on a four-ton Amsler 
machine with hydraulic drive and spring dynamometer. 
Val 
2 
| 
100 


— 
i 
— _ - — 460 
T 
| 
99 33 — 33 20 
2 > 
— 60 60 - 
Fig. 1. Form and dimensions of test pieces. 


Tensile tests at high temperatures were made by means 
of an electric furnace which was fixed to the grip-holder 
of the machine. The heating coil was so selected that the 
temperature in the part of the test piece under investiga- 
tion was constant. The test piece in the furnace was 
heated up for about half an hour before testing, the 
temperature being controlled by means of a resistance. 
The samples were examined vt 100), 200°, 300° and 400° C, 
A specially-constructed calorimeter was used for carrying 
out tests at low temperatures—down to — 50°C. After 
fixing the test piece in the central part of the calorimeter, 
ether was introduced into the inner jacket, by which a 
temperature down to — 40°C. could be attained. By 
filling with anhydrous alcohol and solid carbonic acid in 
the outer part, a temperature of — 70°C. was possible. 
After the temperature had again risen to - 50°C, the 


test piece was stretched. To maintain a constant tempera- 
ture in the calorimeter, the cooling fluid was well stirred 
with a mixer. 
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The rate of stretch was so adjusted that the time before 
the beginning of the loading to the breakage of the test 
piece was measured, and was the same for all materials 
tested. The loading of the sample in kilos was read on 
the dynamometer of the machine. 

A test diagram of each sample was recorded on the 
machine, and this was graphically set out in relation to the 
deformation work expended. Moreover, after the tests, 
further experiments were made to determine the flow 
and improvement in physical properties by recrystallisa- 
tion, grinding and etching the zone of deformation of the 
various samples. 


Results 


From these investigations it is shown that with all 
materials tested, according to the kind of notch in each 
case, a greater or lesser influence on their mechanical 
and plastic characteristics was exercised. These differed 
not only according to the nature of the material and its 
plasticity, but also according to the temperature applied 
and the crystalline structure of the test piece. Basic 
differences were clearly observed both in the tensile values 


and also with regard to deformability between the 
individual materials. 
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Fig. 2. Strength properties of Armco iron for various 
notches. 


Armco Tron. Iron of fine crystalline structure in 
cylindrical rods gave the well-known heat effect, the 
tensile strength falling between —50° C. and room tem- 
perature, rising with the temperature up to 300° C., with 
subsequent drop at 400° C. (Fig. 2a, sample 1). According 
to the formation of the notch, the load-temperature curves 
rise steadily, the ratio between un-notched and sharply- 
notched rods being found to increase considerably through- 
out the temperature range investigated. 

With fine crystalline material, this increase was not 
less than 37°, (400° C.) and at —50° C. and 100° C. about 
98°, (Table 2). The value of 62°, found at room tem- 
perature accords well with the increase found by P. Ludwik* 
(63°,,). With coarse crystalline test pieces similar ratios 
are found (Fig. 2b), the curves following a somewhat flat 
course, and showing at higher temperatures somewhat 
lower tensile strength values. 

The elongation values (Fig. 2c and 2d) decrease with 
un-notched rods with rising temperature both with fin« 
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TABLE II, 


INFLUENCE OF THE TEST TEMPERATURE, GRANULAR DIMENSIONS AND NoTcH ON TENSILE BREAKING STRENGTH AND DEFORMATION 
Work oFr Armco IRON. 


| Tensile Breaking Strength in kgs/mm2. | Work of Deformation in em/kg. 


Serial | Temperature 


No. in °C, Fine Crystalline. Coarse Crystalline. | Fine Crystalline. Coarse Crystalline. 
Notch +% Notch. | +% | Notch. | Ratio. Notch. | Ratio. 
l — 50 67-2 98 35°3 69-4 97 3,600 | 1,080 | 3-3:1 2,980 680 4-4: 1 
2 20 28-5 46-1 62 29-0 53-8 | 85 4,720 820 5-7:1 ) 4,400 660 6-6:1 
3 100 30-0 59-4 98 27-6 | 46-6 | 69 | 3,840 500 77:1 2,690 670 | 4-421 
4 200 | 39-4 67 70 30-0 86 2,190 700 3-1: 1 1,650 590) 2-8: 1 
5 300 41-0 63-5 55 | 40-0 | 57-5 | 44 | 1,820 800 2-3: 1 1,660 750 2°2:1 
6 400 38-1 52-1 37 35 | 48 37 2,320 720 3°2:1 1,650 660 2-5: 1 


and coarse crystalline material. On account of the notch, 
the elongation, particularly at low temperatures, appreci- 
ably diminished (from 32 to 33%, to about 0-5 to 0-6% 
with test piece 5), in which, with notched samples, no 
clear temperature influence is present. At high tempera- 


Fine 


Crystalline 


Course 


Crystalline 


Load 


le 
200° 200° 
a 
A 
7 
400° 400° 
Fig. 3.— Test 
machine 


diagrams of 


Elongation 
Armco iron. 


Fine Crystalline Coarse Crystalline 
tures, the contraction of area was comparatively little 
reduced, although certainly the influence of the notch 
was somewhat more marked (Figs. 2e and f). By the 
influence of the notch, the necking was reduced in steps 
and showed irregular values with acute notches (samples 
4 and 5). 

Figs. 3a to 3h are tensile test diagrams (loading elongation) 
of coarse and fine crystalline materials for the temperatures 
—50°, 20°, 200° and 400° C., as recorded by the machine. 
The particularly marked influence of the notch on the 
form of the tension elongation diagram will be seen. At 
all temperatures—and this both with coarse and fine 
crystalline materials—the maximum strength and _ least 
elongation, and thus the smallest deformation work 


(em-kg) was obtained with acutely notched samples. 


The ratio with fine crystalline material, and at low tem- 
peratures (—50°C.) is about 3-3:1; at about 100°C. 
at a maximum of 7:7: 1, and falls further at higher 
temperatures to 3:2: 1 (Table II). Similar ratios were 
found with coarse crystalline materials. 


Fig. 4.-—Test piece fractures of Armco iron at room 
temperatures. 


Fig. 4 shows the breaks of fine and coarse crystalline 
test pieces which were stretched at room temperatures, 
the breaks being with lightly- and acutely-notched samples. 
All test pieces were of the same diameter at the point of 
breakage before the test. 

Zinc. The behaviour of zine is totally opposed to that 
of Armco iron. With this metal, only the mechanical 
values for fine crystalline materials were recorded in the 
form of curves (Fig. 5a to 5c), whilst coarse crystalline 
material was tested at —50°C. room temperature and 
300° C. (Fig. 6). On account of the great fall of values 
in the neighbourhood of melting point, the investigation 
of zine was carried out only up to 300° C. 

As will be seen by Fig. 5a for fine crystalline material, 
with cylindrical test piece (sample 1) the tensile strength 
falls somewhat with increasing temperature between 
—50° and 20°C., remains about constant between 20° 
and 200°C., and falls away fairly considerably over 
200° C. On the other hand, the test pieces 2 and 3, with 
flat notches rise slightly in the neighbourhood of 100° C., 
whilst the more acutely notched samples 4 and 5 show a 
distinct maximum at this temperature. At 300°C., 
however, there is no essential difference between the samples 
with and without notches. The tensile strength here 
amounts to approximately 9 to 10 kgs./sq. mm. The 
greatest increase of tensile strength through the acute 
notch is at about 100°C., and amounts to some 34%, 
whilst at low and higher temperatures the influence of the 
notch is considerably less (about 5 to 6% at —50° and 
300° C.—Table 3). 

As against this, the course of the elongation also is 
entirely reversed (Fig. 5b). The elongation which, at low 
temperatures with cylindrical samples is extremely small, 
amounting to some 2 to 3%, is, with notched samples 
(samples 2 to 5) nil; the material is therefore extremely 
short in this temperature range. At room temperature, 
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TABLE Il. 
INFLUENCE OF Test TEMPERATURE, GRANULAR DIMENSIONS AND Notcu oN TENSILE STRENGTH AND DEFORMATION WorK OF ZINC. 


Tensile Breaking Strength in kgs/mm®?. 


Serial | Temperature 
No, ©, Fine Crystalline. 


Notch. Notch. 


' for notch 4, 


however, the elongation increased somewhat with all test 
pieces with the exception of the acutely-notched sample. 
This increase was considerable, from 20° to about 
200° C., and applied particularly to the cylindrical 
sample between 20° and 100° C. Between 200 
and 300° C., the relatively high elongation was maintained 
in most cases, so that even with acutely-notched material 
an elongation of some 4 to 5°,, was determined. The ratio 
of elongation at high temperatures as between acutely- 


Coarse Crystalline. 


Work of Deformation in em kg. 


Fine Crystalline. Coarse Crystalline. 


Notch. Ratio. Notch. | Ratio. 


l. 
414 
760 

1,070 
3,230 
1,990 


greatly vary. The deformation work ratio is shown by 
Table III as about 3:1 to 4:1. 

Coarse crystalline materials at these temperatures 
shows, with cylindrical rods, which indicate several crystals 
of difference orientation in the section, astonishingly 
lower values (Figs. 8f to 8h), as compared with those of 
the test pieces with various notches. As against the 
former results, the work of deformation with coarse 
crystalline, cylindrical rods is essentially lower than with 
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notched and un-notched test pieces is considerably less 
for zine than for steel and amounts to about 1:6 (1: 10 
approximately for iron). 

The curves of the reduction of area take a similar course 
(Fig. 5c). At low temperatures it is extremely small and 
between — 50° to 20°C. is only a few per cent ; at 200° C, 
extremely high values at from 50 to 93°,, according to 
the form of the notch are obtained. At this temperature, 
the reduction of area shows a difference of only approxi- 
mately 1: 1°3 as between notched and un-notched test 
pieces, whilst with Armco iron this ratio is considerably 
more unfavourable. 

The values of tensile strength, elongation and reduction 
of area as found with coarse crystalline material at — 50°, 
20° and 300° C. are shown in Fig. 6. On account of the great 
isotropy of zine crystals, of which only a few are present 
in each test piece section (Fig. 7), the tensile values vary 
within fairly wide limits at low temperatures, whilst 
elongation and reduction of area rise from zero (—50° C.) 
very considerably at 300°C, 

Figs. Sa to Se show the diagrams as found with fine- 
grained material at temperatures of —50° to 300° C., and 
& comparison with the results with coarse grained test 
pieces at temperatures of —-50°, 20° and 300°C. (Figs. 
Sf to Sh). 

From these diagrams will be seen the very considerable 
differentiation in the mechanical behaviour of this material 
at low and, in particular, at high temperatures. At low 
temperatures of from so to 20°C. (Fig. 8a and 8b) 
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Fig. 6.-Strength characteristics 
with coarse-grained zinc. 
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Fig. 7a. Test 
piece fractures of 
fine and coarse 
crystalline zinc at 
room  tempera- 


the fine crystalline material is of low plasticity, with tensile 


strength of all samples, with and without notch, does not ture. 
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notched rods and at —50° C. is in the ratio of 1:4, and 
at 20°C. as 1: 2-2. 

Only as from about 100° C. is the deformability of fine 
crystalline notched zinc improved, and at 200° C. a certain 
optimum value is attained (Figs. 8c and 8d). In a surpris- 
ing manner, at about 300°C. the deformability is very 
considerably higher with both coarse crystalline and fine 
crystalline materials, whether with cylindrical or notched 
test pieces (Figs. 8e and 8h). Notch susceptibility of this 


METALLURGIA 


183 


Aluminium Alloy.—The results in mechanical values 
with aluminium alloy of the Al-Cu-Mg type as a function 
of the temperature up to 400° C. are shown in Figs. lla 
to lle. As opposed to the course of the tensile test curve 
with Armco iron and zine, with aluminium alloy of the 
Al-Cu-Mg type, the tensile values are highest with all 
samples cold at —50°C., and fall constantly with rising 
temperature. The increase of tensile strength with the 
most acute notch, in relation te cylindrical test pieces, 


material, whether of coarse or fine crystalline structure, is about 36°, maximum between —50° and 400°C. 
could not be determined at temperatures of over 100°C. (Table 4). 
Elongation and 
+ $ reduction of area 
§ with this material 
2 were not seriously 
prejudiced by the 
increase of tempera- 
@ e ture (Figs. and 
| -s0° 20° 200° Ile). With increas- 
ing indentation, 
these values fall 
=| 7 Elongation———> considerably as with 
+ Fig. 8.—Test machine diagrams of zinc. Armco iron at all 
5 h 
7 
? 20° 900° 


Elongation 


Fig. 9 shows the breaks of test pieces 
with and without notches at —50°, 200° 
and 300°C. The great brittleness of the 
material at low temperatures as compared 
with an extreme deformability at high tem- 
peratures is clearly seen in the illustration. 
Further, breaks of cylindrical test pieces 
which were stretched at —50°, 20°, 100°, 
200° and 300° C. are illustrated in Fig. 10, 
from which also the brittle separation 
breaks of the test pieces at low tempera- 
tures, and the highly plastic deformability 
of the zine at high temperatures (100° to 
300° C.) is seen. Coarse crystalline samples 
with notches (test piece 2) which were 
stretched at 20° C. are reproduced in Fig. 7. 
The enormous difference in the deforma- 
bility of the material in the neighbourhood 
of the base of the notch at 20°C. and 
300° C. is also clearly seen here. According 
to this also, the work expenditure (cm /kg.) 
for fine and coarse crystalline material at 
high temperatures is essentially greater 
than at low temperatures (Table 3). In 
Fig. 7a, are reproduced the breaks of fine 
crystalline and coarse crystalline test pieces 
stretched at room temperature. 


200°C, 


s00°C, 


Fig. 9.—-Test fractures of fine crystalline zinc at various 
temperatures and with various notches. 


100° 200°C, 300° 0, 


Fig. 10.—Fractures of fine crystalline, cylindrical zinc test pieces at 
—50°, 20°, 100°, 200° and 300° C. 


TABLE IV. 


INFLUENCE OF TEST TEMPERATURE AND NotcH ON TENSILE STRENGTH AND DEFORMABILITY OF AN ALUMINIUM ALLOY OF THE 
CLass. 


Tensile Strength in kgs/sq.mm. 


Serial Temperature | 
No. in Notch. | 
1. 5 
l ~50 43-1 58-6 | 
3 20 40-4 52-9 
3 100 40-8 52-4 
4 200 39-0 50-8 
5 300 37-9 44-2 
6 400 30-7 32-6 


Work of Deformation in em/kg. 


Notch. 
5. 

36-0 3,850 760 Te 
31-0 3,070 510 6:1 
29-0 3,720 580 6-4:1 
30-0 3,570 560 6°3:1 
17-0 3,000 480 6-2:1 
5-8 2,270 250 9:1 
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Fig. 11. Strength characteristics of an aluminium alloy of 
the Al-Cu-Mg type for various notches. 


temperatures (0-5°., up to a maximum of I4 to 19°,), 
and reduction of area 5 to LO°.. (maximum 25 to 40°,). 
The breaks of test: pieces which were stretched at room 
temperature are illustrated in Fig. 12. 

The load elongation diagram between — 50 and 400° C, 
according to Figs [3a to corresponding to present 
results indicate no basic alterations under heat. In deforma- 
tion work, the ratio at 0 C. between cylindrical 
samples (1) and acutely-notched samples (5) is about as 
to 5: | and at 400 ©. about as 9: 1 (Table 4). 

Brass.-Owing to its mechanical properties, the curves 
of this material as per Figs. I4a to l4f show, on the whole, 
behavioursimilartothat of the aluminiumalloy. With rising 
temperature the tensile 
values fall away con- 
siderably both with fine 
and coarse crystalline 
material, Surprisingly 
low is the increase of 
strength through acute 
notching : it amounts, 
with all test pieces, to 
only 5tol7",, (TableV.) 
The elongation and re 
duction of area values 
also follow course 
which does not funda 
mentally differ from 
the values of the 
aluminium alloy, 

On the other hand, 
the tension-elongation 
diagrams of all kinds of notches and at all temperatures follow 
a fairly similar characteristic course (Fig. 15). The fractures 
of cylindrical and notched test pieces, which were tested 
at room temperature, are illustrated in Fig. 16. The 
deformation property of this material, both with evlindrical 
and notched bars, is very high in comparison with the 
aluminium alloy and the Armeo iron at all temperatures 
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Fig. 13. Diagram of an aluminium alloy of the Al-Cu-Mg 
type at various temperatures and with various notches. 
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Fig. 14._Strength characteristics of brass. 


Fig. 12. Test fractures of an aluminium 
ulloy of the Al-Cu-Mg type with various 
notches at room temperatures. 


Fig. 15. Diagram of brass at various temperatures 
and with various notches. 


(Tables Il, IV, and V). With aluminium alloy, these 
values amount to a maximum of 3,850 (minimum 2,270) 
em kg. with cylindrical rods as opposed to 760 (minimum 
250 em kg.) with notched samples (Table IV). 

With Armco iron the values amount to a maximum of 
4,720 em kg. (minimum 1,820 em kg.) with eylindrical, 
fine crystalline test pieces as against 1,080 em/kg. (mini- 
mum 500 em kg.) with notched samples (Table [1), whilst 
with brass the maximum value 10,080 em, kg. (minimum 
8,540 cm kg.) with cylindrical test pieces compared with 
1,490 em kg. (minimum 920 kg.) with notched samples. 

From this (Table V) it will be clearly seen that the de- 
formation property with brass, with and without notches, 
between — 50° and 400°C. is very much superior to that 
of the aluminium alloy class Al-Cu-Mg, and even exceeds 
that of Armco iron in this respect. 

Investigation of flow zones.—From the materials examined 
fine crystalline zine was selected which, after the tensile 
test was subjected to thermal treatment, in order to obtain 
criteria on the flow process on the basis of the recrystallisa- 
tion zones determined in this way, to obtain criteria on 
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TABLE V. 
INFLUENCE OF Test TEMPERATURE, GRANULAR DIMENSIONS AND NOTCH ON TENSILE STRENGTH AND WORK OF DEFORMATION OF BRAss, 


Apri, 1940 


Tensile Strength in kgs/sq. mm. Work of Deformation in em/kg. 
Serial Temperature 


No. Coarse Crystalline. 


Fine Crystalline. Coarse Crystalline. Fine Crystalline. 


Notch. + % Notch. +% Notch. Ratio. Notch. Ratio. 
l. 5 1. 5. l. 5. &. 

l —5O 42-1 46-6 10-7 42-1 45°8 8:8 7,800 960 8:1 8,320 840 99:1 
2 20 44-9 11-4 40-2 43°: 7-7 8,690 7:1 10,000 10-2: 1 
3 100 394 42-4 7-6 39°5 42-0 10,080 1,490 6-8: 9,240 840 1l-2:1 
4 200 36-0 41-5 15°3 37-2 41-8 12-4 8,540 1,200 6.490 720 9:1 
5 300 40°5 16-7 34:4 40-4 17-4 7.720 1,260 6-1: 1 7,010 720 | 9-7:1 
6 400 33-1 38°3 15-7 32-7 34-4 5-2 7,270 920 79:1 6,890 520 | 13:1 


Fig. 17.—-Section of zinc test piece after recrystallisation and 
before deformation. 


Load 


Elongation —> 


Fig. 16.--Test fractures of fine crystalline brass 
with various notches at room temperature. 


Fig. 18.—-Section of the zinc test piece after tensile test 
and recrystallisation with various notches. 


which it will be seen that brass, under the conditions 
deformation range. selected, is demonstrated as a very plastic, deformable 
In Fig. 17 a zinc test piece is shown after recrystallisation material. This great deformability was determined not 
at 50°C., but without deformation, whilst in Figs. 18a only on cylindrical test pieces subjected to tension at low 
and I8b is seen the crystal formation in a longitudinal and at high temperatures, but also samples with acute and 
section of a zinc test piece after deformation due to tensile deep notches were shown at all temperatures as highly 
test. From this recrystallisation test piece with lesser and deformable, and this with relatively high resistance to 
greater notching it will be seen that the zones of maximum — glide. Also, the form of test piece used with this material, 
deformation are in the vicinity of the break and extend had no appreciable influence on the tensile strength (5 
over nearly the whole cross-section of the test piece (Figs. to 17°.) increase of strength with acute notching through- 

I8a to 18e) (Zone 1). Zones of little deformation, that is, out the temperature range (—50° to 400° C.). 
those which impart greatly increased crystallisation, follow Fine crystalline zinc behaves entirely differently in this 
directly on the great deformation in the break zone and run connection, which demonstrates very great influence of 
in a surprising manner into the sheath zone of lightly- temperature on deformability and flow resistance. From 
notched test pieces up to the grip point (Zone 2). The @ material with outstanding brittleness and without 
fine crystalline central zone (Zone 3) appears not to be reduction of sectional area under test, having relatively 
affected greatly by the deformation. little resistance to deformation, it passes to a material 
Summary with extremely marked plastic characteristics with favour- 
The present investigation permits of an insight into the able deformation ane high 
plastic behaviour of materials in tensile test. The glide tion of sectional area at higner temperatures (100° to 
-haracteristics of deformable construction materials are 300 A .). The form of test peoce (notch influence) has a 
he more clearly seen, as their deformation capacity is considerabie influence on tensile strength in the tempera- 
: ‘ tures between about 20° and 200° C. (maximum 35%), 


the flow process which occurs above and below the critical 


nereasingly impeded, whether this be infiuenced by low 
r elevated temperatures, alteration of form or crystallisa- 


tion of the test pieces examined. How these factors affect 


he tensile strength characteristics of a constructional 
naterial is shown by the results of this investigation, from 


whilst at —50° and 300° C., this influence is considerably 
smaller (less than 10°). Astonishing alterations of pro- 
perties are also found with coarse-grained zinc test pieces 
at low and elevated temperatures. 


2 3/2 
-$0° -50° 
pps 

a 
20° 20° 
4 
¢ f 4 


186 


Between these two extreme cases (brass and zinc) the 
materials also investigated, such as Armco iron on the 
one hand, and aluminium alloy of the Al-Cu-Mg class 
on the other hand, could be classified according to their 
characteristics. Armco iron is, together with a relatively 
great temperature dependence, greatly influenced in its 
mechanical characteristics by the form of the test piece 
(tensile strength increase by about 60 to 99°, between 

50° and 200°C.) On the other hand, however, the 
crystal formation (size of grain | : 3) has not much influence 
on these values. 

The aluminium alloy shows a temperature dependence 
in the course of its tensile characteristics which is somewhat 
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similar to that of brass. From a maximum value at a low 
temperature the tensile strength drops uniformly, as the 
temperature is increased, without an optimum value. 
The notch influence with this material, however, is con- 
siderably greater than with brass and amounts at all 
temperatures to about 25 to 40°%,, as compared with the 
cylindrical samples. The deformability of this material 
corresponds fundamentally to that of Armco iron and 
brass, but is numerically inferior to them. 

Recrystallisation tests on plastically-deformed samples 
permitted of further conclusions on the deformation process 
in tensile test with samples of differing forms. 


Difficulties Encountered in Recording High 
Temperatures 


N the use of high temperatures phenomena occur 
which, while not new, are not always anticipated and 
may be responsible for irregular results. One difficulty 

arising from this cause results in thermocouple errors 
when determining temperatures in graphite-core tube- 
type induction furnaces. A remedy for this difficulty is sug- 
gested by Day and Safford! which should make it possible 
to use thermo-couples for induction tube furnaces contain- 
ing no metallic conductors other than the thermocouple. 

The furnace employed contained a copper-tube induction 
coil. When the thermo-couple (22-gauge platinum- 
platinum, 10°, rhodium) was placed in the porcelain 
combustion tube in which experiments are made and the 
temperature recorded automatically through a potentio- 
meter, the curve was regular up to about 1,300° F. and then 
became erratic (Fig. |, curve A). That this effect was 
obtained only while the induced current was operating 
was obvious, for when the latter was discontinued the 
curve again became regular. The irregularity is due to 
an electromotive force which is set up in the thermo- 
couple in opposition to that normally developed. The 
investigators suggest that this might possibly be attributed 
to thermionic emission from the graphite core at relatively 
high temperatures. The emission may build up a charge 
on the protection tube covering the thermo-couple and 
the porcelain may become sufficiently conducting to 
carry the charge to the interior. 

To overcome the difficulty, the protecting tube of the 
thermocouple was enclosed with platinum foil to the 
depth of immersion in the furnace. This raised the 
temperature of “irregular” recording about 200° F. 
Attaching a wire to the shield and grounding it completely 
eliminated the difficulty. Since the exposure of the 
platinum shield to fumes in the furnace was considered 
undesirable, a shield of smaller diameter was placed over 
the insulating tube inside the porcelain protector of the 
thermocouple and again grounded as previously stated. 
This modification requires less of the costly platinum and 
prevents its abrasion. It is necessary only to have the 
platinum shield cover that portion of the pyrometer which 
is actually in the furnace. Records obtained with the 
protected thermocouple are indicated in curve B, Fig. 1. 

Another aspect of this phenomenon is referred to by 
Strauss? which was encountered when determining the 
electric resistance of some platinum alloys at high tem- 
peratures. The test wire is vound on an alundum core 
and placed in an alundum tube furnace using a platinum 
alloy wire as resistor. As the furnace temperature reaches 
about 2,190° F. the galvanometer in the Wheatstone 
bridge circuit no longer deflects smoothly, but ** kicks ” 
erratically as if an induced current is present. When the 
cell is disconnected from the circuit, the galvanometer 
assumes a fairly steady deflection while its key is pressed. 


These direct currents were observed with alternating 
lad. hua. Chen ote 


4 
4 
4 
4 
= 
z = 

a“ 

1400 | 1600 RPS 


Fig. 1.—Comparison of temperature curves recorded. 


current in the furnace. The two ends of the resistance 
coil showed a potential difference of 0-3 millivolt d. c., 
with 100 volts a. c.in the furnace. When a platinum- 
platinum 10°, rhodium thermocouple in an alundum tube 
and a bare platinum wire were placed in the furnace from 
opposite ends so as not to touch each other or the furnace, 
d. c. potential differences (measuring voltages instead of 
currents) were obtained between the wire and either leg 
of the couple. The values obtained with direct current in 
the furnace resistor were 3 and 7 millivolts, the sign and 
magnitude of the reading changing with the direction of 
the current in furnace. The value dropped to 0-8 millivolt 
with alternating current in the furnace. With two bare 
platinum wires in the furnace as electrodes, the potential 
difference was only 0-2 millivolt, but was sensitive to 
position and increased to 1-5 millivolts when the wires 
were parallel and overlapped. Thus it appeared certain 
that thermionic emission was occurring in the furnace, 
with the alundum as an active emitter. In addition, the 
investigation of the phenomenon revealed the existence 
of a potential drop between the resistance coil under test 
and ground. At 2,550° F. this had a value of about 5 volts, 
with the furnace resistor at 132 volts a.c. The conductivity 
of the alundum had become sufficiently great to be an 
important factor in the use of the furnace. Two adjacent 
turns of wire embedded in alundum short-circuited when 
the potential difference between them was raised to about 
100 volts. 

The best practical solution for the elimination of the 
stray currents, and one which should be a minimum safe- 
guard for electrical measurements at high temperatures, 
was found to be in the insertion between the furnace tube 
and the resistance coil of a grounded shield, connected 
to the coil and to the ground side of the furnace winding. 
Platinum wire wound on a ceramic tube functioned very 
well as the protecting shield, 
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Correspondence 


Organised Help for Producing Special 
Castings 


The Editor, METALLURGIA, 
Dear Sir, 

Users and designers of industrial and domestic plant 
and equipment are finding themselves handicapped by 
shortage of or delay in obtaining certain ferrous and non- 
ferrous metals. It may assist them to learn that the 
ironfounding industry has organised itself to help in the 
present emergency. During the past 20 years an enormous 
amount of work has been done to increase our knowledge 
of the range of materials known as the cast irons, and many 
of the varieties available have properties not generally 
associated with cast iron. Almost any metallurgical 
structure required can be obtained in a wide range of 
strengths and standard national B.S.I. specifications are 
available for users, particularly 321/1938 and 786/1938. 
The industry itself has made great strides in continuous 
production methods, and generally in the precision of form, 
uniformity and soundness of the product, and where 
necessary a wide variety of finishing processes is available. 
Almost the whole of the raw materials employed are 
found within the United Kingdom, and manufacture is 
widely distributed. 

The industry has formed the lronfounders’ National 
Committee, and information will be gladly sent by me or 
can be obtained from the chairman of our technical com- 
mittee, Mr. J. G. Pearce, British Cast Iron Research 
Association, 21, St. Paul’s Square, Birmingham,3. No 
recommendation will be given unless there is a reasonable 
likelihood of the substitute material giving satisfactory 
service, and no charge or obligation will be incurred. 

For specific cases, it would be an advantage if inquirers 
could send a print of the part in question, say, what it has 
hitherto been made of, and, if working under unusual 
service conditions (stress, temperature, wear, corrosion, 
etc.) what life is normally obtained. It is also desirable 
to know whether design in the alternative material must 
be a copy of the existing part, or whether conditions 
permit a measure of redesign. 


Yours faithfully, 
W. R. 
Director, 
Ironfounders’ National Committee. 


Orchard House, 
Orchard Street, 
London, W. |. 


The British Machine Tool Industry 


The Editor, METALLURGIA. 
Dear Sir, 

I have read your article on pages 141 and 142 of your 
March issue, and my opinion is that the whole of page 141 
and to the end of the first paragraph on page 142 is an 
absolutely correct statement, but I do not consider that 
the following paragraph on page 142 gives the whole 
picture. 

During the war of 1914-18 a number of firms, not nor- 
mally machine-tool makers, had commenced to make 
machine-tools, either as principals or under sub-contracts, 
and most of the regular makers had made considerable 
extensions and increased the capacity of their works. 

For a period after this war, there was a good demand 
for machine tools of the regular kinds for civil work, to 
replace worn and obsolete machines and for overseas 
markets. This demand, however, was short lived. Prices 
became excessive and were still rising, because of increasing 
costs that had to be faced. (One of these was a demand 


for an increase of 6d. per hour in engireers’ wages). 
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Deliveries were, in many cases, protracted, and, as most 
firms could only accept orders to be charged at the price 
ruling at the date of dispatch, customers did not know 
what price they would have to pay. 

Suddenly, everything crashed, and the nation began to 
return to sanity. Orders were cancelled, wages flopped, 
short time and unemployment in the machine-tool trade, 
as in many others, was the rule, and not the exception. 
Many firms closed down. Some machine-tool firms, family 
concerns of two or three generations, went out of existence. 
Think of Thos. Shanks and Company, whose loss has been 
irreparable, and of Smith and Coventry, Hulse and Com- 
pany and other well-known names. 

Practically all the firms who had entered the trade 
during that war faded out. Buyers of machine tools at that 
time were thus in the happy position of being the “ top 
dog.” There were thousands of machine tools in the second- 
hand market to choose from. Many of these were quickly 
consigned to scrap, but not all that should have been. | 
There were, however, many machines almost new and in 
excellent condition that could be bought for “ scrap ” 
prices, because it was too expensive to store them, and this 
made it very difficult for machine-tool makers to obtain 
orders for new machines, and in face of the low prices at 
which good used machines were obtainable, the prices for 
new machines were very severely dealt with. 

There was, therefore, for that reason alone, a very strong 
incentive for the machine-tool maker to get new designs 
on the market, so that he could, in that way, make the 
used machines with which he had to compete, back numbers, 
and this was done with a measure of success. The period 
of demand for machine tools was, however, a short one, 
and was brought to an end by financial conditions and the 
various checks to capital expenditure. 

Another factor was the slump of the German mark, 
which made it possible to buy even the best German 
machine tool at a mere fraction of its real value, and con- 
siderable numbers of such machine tools came into this 
country, and also into our overseas markets, under such 
conditions. The sad experience and desperate position 
of the British machine-tool maker, during the 10 years 
following 1919, was thus not entirely due to the lag, if any, 
behind his American and German competitors. 

Our hope for the future is that our customers will realise 
that they cannot do the work of to-morrow with the tools of 
yesterday, and that notwithstanding the demands of taxation 
and the necessity of saving, there is no better investment for 
the mechanical engineering trades than good machine tools. 
If this is fully realised and acted on, we need not concern 
ourselves much about the fate of the surplus machine 
tools that will be idle, or that may flood the second-hand 
markets. Let those that may be used profitably remain, 
or come back into industry, but with discrimination. 
Scrap the others, and use the metal again. In that way 
let us prevent British industry handicapping itself by 
using inefficient and obsolete plant. 

I should like to make a reference to the paragraph in 
your article headed After-War Prospects’? and the 
portion commencing “ It seems to us that the industry 
should have impressed upon the Government the vital 
national importance of its work years ago.” 

I am very much surprised at a statement of this kind, 
because ever since 1914, if not earlier, every opportunity, 
both in season and out of season, has been taken to impress 
upon the Government and the nation the important 
position which the machine tool trade holds among key 
industries. This has been emphasised time and time 
again, even by those who held responsible positions in the 
Government, but even yet it appears doubtful as to whether 
the fact has been fully realised. 


Yours truly, 

J. Parkinson and Son, 
Shipley, Yorks. 
March 29, 1940. 


ERNEST PARKINSON,. 
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The British Machine Tool Industry continued. 


The Editor, METALLURGIA. 
Dear Sir, 

I am very glad to see that you are taking an interest 
in the future of the British machine-tool industry. At 
present it is, as you say, in a very prosperous state, but 
no one who understands the situation will call it a healthy 
state. Everybody in the industry is alive to the difficult 
problems it will have to face as, and when, the present 
emergency conditions cease to operate. 

| understand it has been suggested that the Government 
might be asked to help in deciding opon, and carrying out 
a procedure which would be likely to assist the machine- 
tool industry in the difficulties which lie ahead. It is, 
however extremely difficult to prepare in advance for 
conditions which cannot be accurately foreseen, 


April 1, 1940. 


Yours faithfully, 
INTERESTED READER. 


The Editor, 

Sir,—1 was very much interested in your article “* The 
British Machine-Tool Industry” in your March, 1940, 
issue, 

All you say about the Government not having in any 
way helped the machine tool industry, after the last war, 
is correct, and, as this industry is one of the most important 
in the country, it should this time be looked after and 
helped, so that it does not have to go through another 
disastrous period when the war, now being waged, is over. 

The industry is not only important as an exporting one, 
it is important for practically every other industry. 
Naturally it is important for the following industries : 
Aeroplane, motor car, locomotive and other railway work, 
and all armaments ; but look around you in any room or 
any works, and you will notice that nothing can be made 
without the use of machine tools in a greater or lesser 
degree. 

Obviously if Britain is to remain one of the leading 
manufacturing countries, she must have an up-to-date and 
flourishing machine tool trade, for if she is backward in 
this respect all other industries will have to suffer. 

A few suggestions of what, in my opinion, should be 
done, may not be out of place : 

1. A Planning Ministry should be started as soon as 
possible, to plan help for all our industries after the war is 
over. The idea was first mentioned by Lord Austin in his 
speech at the general meeting of Austin Motor Co. Ltd., 
in 1937. 

2. You mention that the machine tool industry is now 
more adequately represented by an effective trade associa- 
tion; | take it you mean the Machine Tool Trades 
Association (The M.'T.T.A.). | do not consider that the 
M.T.T.A. is satisfactory as now constituted ; it contains 
members who are traders (importers), and in my opinion 
it should contain only people who have machine tool 
factories. Those firms which have the necessary works 
and which are also importers would not be excluded, but 
no consideration would have to be given to their import 
business by a reconstructed M.T.T.A. 

3. What impressed me about the Machine Tool Exhibi- 
tion in 1934 was the need for excluding foreign tools at a 
M.T.T.A, Exhibition. The foreign machine tools did us 
considerable harm; the Germans and Americans got a 
yrand and cheap advertisement and sold a lot of machines 
to British firms, to other foreign countries, and to the rest 
of our British Empire. Every machine that Germany 


sells, instead of our selling it, helps Germany and is to 
our disadvantage. It must be remembered that the 
Germans only show their own make of machine tools at 
the annual show at Leipzig. 
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4. We should be protected by a heavy import duty, say 
50 per cent., and this duty should be imposed for a 
minimum period of say 15 or 20 twenty years, so that 
firms can extend with some feeling of safety. 

5. The way that the Import Duties Advisory Committee 
has handled the duty on steel, for instance, is bad. Our 
Government should be more alive in making trade agree- 
ments with all the countries of the world, but, first of all— 
and this is, to my mind, most important—all the Most 
Favoured National Clause Agreements should be cancelled ; 
only then can we make good bilateral agreements with the 
countries from whom we buy, and, as we are the greatest 
buyers in the world of other peoples exports, we should 
be able to make good agreements. We should aim at free 
trade within our Empire, and a tariff wall around the 
Empire ; any member of the British Commonwealth not 
consenting to this arrangement, should evolve a_ bilateral 
agreement, and the value of our purchases from that 
member would depend on that member’s purchases from 
us. France and the French Empire should be allowed to 
come into our free trading circle-—Yours faithfully, 


Longridge, Nr. Preston. G. C. LIeBERT. 
April Ist, 1940. 


The Editor, MeTALLURGIA. 

Sir,—Representations have from time to time been made 
by this Association suggesting to the Institution of Pro- 
duction Engineers that joint consideration of the above 
subject should be deferred until after the war. It was 
felt by the Association that those members of the machine 
tool industry best qualified to enter into joint deliberations 
on this subject could not be spared from their task of 
contributing their utmost to the national effort by way of 
increasing the production of machine tools. 

Notwithstanding these representations and the fact 
that the British Standards Institution did not regard it as 
practicable at the present time to proceed with the question 
of preparing any British Standard Test and Alignments 
for Machine Tools, the Institution of Production Engineers, 
in colixboration with the Institution of Mechanical 
Engineers have published Acceptance Charts for Machine 
Tools, and have expressed their intention of publishing 
still further Charts to cover a wide range. 

In these circumstances the Council of the Association, 
at a meeting held on April 3, decided that they had no 
other alternative than to make it known to the machine 
tool industry that the Association have had no part in 
the preparation of these Acceptance Charts, and must 
wdvise their members not to accept orders conditioned on 
conformity with these Charts. 

It is regarded as elementary that publication of these 
Charts should not have taken place without the fullest 
concurrence of the industry, and that the present time is 
an impossible one in which to obtain such concurrence. 

Yours faithfully, 
W. J. Moraan, Secretary. 
Victoria House, The Machine Tool Trades Association. 
Southampton Row, 
London, W.C. 1. 
April 9, 1940. 


Bauxite Deposits in Indo-China 
The characteristics of a bauxite deposit which has 
recently been discovered near Lang-Son in Indo-China, 
are briefly described in Le Genie Civil*. The bauxite 
forms a surface layer up to 3-4 m. thick covering a surface 
area of several thousand hectares. Proved deposits amount 
to several million tons. Samples analysed so far show 
that the ore is of comparatively low quality (45-50°, A,1O, 
and about 10°, SiO,) suitable only for the production of 
aluminous cement. It is, however, not improbable that 
higher-grade ores may yet be discovered, as samples 
analysing up to 55°, Al,O, and 3°, SiO, have been found. 
The iron oxide content varies between 12 and 16°). 


Le Genie Civil, CAV, 1939, No. 14, pp. 27273. 
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Report on Corrosion Research Work at 
Cambridge University 


The outbreak of hostilities unfortunately caused the abandonment of much of the 

research into corrosion which had been proceeding at Cambridge University through 

the support of the Corrosion Committee and the Alloy Steels Research Commiitee 

of the Iron and Steel Institute and the British Iron and Steel Federation. This 

report by Dr. U. R. Evans, which will be presented at the May meeting of the Iron 

and Steel Institute, summarises the researches of a group of investigators and 
includes some tentative conclusions. 


effect on constructive research and the valuable 

work on corrosion which has been proceeding at 
Cambridge has been abandoned. The work of a group of 
investigators is involved and this Report* describes the 
researches which have been interrupted, summarises the 
results and gives conclusions reached at the time of the 
abandonment, although these conclusions can only be 
regarded as tentative since, in the course of events, further 
research would have been carried out before any publication 
was made. The Report refers to researches into the 
electrochemical character of corrosion, the effect of a 
scratch-line on the protective character of superficial 
oxide, the development of paint for application to steel- 
work in unfavourable surface conditions, investigation of 
corrosion-fatigue, corrosion-resistance of tinplate as used 
for canning, and prevention of tarnishing of silver, extracts 
from some of which are given in the following notes. 


Te pressing problems of the day are having their 


Researches into the Electrochemical Character of 
Corrosion 


Researches had been proceeding for some years to 
ascertain whether the electric currents which were already 
known to flow over the surface of corroding metal were 
strong enough to account for the whole of the corrosion 
actually observed or only for part of it. In 1938, Thornhill! 
had found that the electric currents flowing around a 
scratch-line on iron wetted with sodium bicarbonate 
solution were capable of causing the greater part, and 
probably the whole, of the corrosion produced. But the 
application of Faraday’s law, in correlating current 
strength and corrosion rate, was complicated by the fact 
that iron has two electrochemical equivalents (according 
to whether it dissolves in the ferrous. or ferric state). It 
was, therefore, decided to continue the work on zine, 
which has only one electrochemical equivalent, and thus 
obtain a more definite answer to the question as to whether 
such cases of corrosion were wholly or only partly electro- 
chemical. Since the corrosion phenomena on zinc and iron 
are closely analogous to one another, it was probable that 
any conclusions reached in the case of zinc would be valid 
in the case of iron. 

Accordingly, Thornhill® constructed a special form of di- 
electrode, which served to detect anodic and cathodic areas 
on corroding metal, giving a deflection in different directions 
according as it was brought against a cathodic or anodic 
point. Studying the case of a zine specimen partly im- 
mersed in dilute (V/1000) sodium chloride solution, his 
observations strongly suggested that, in such cases, the 
corrosion was wholly of an electrochemical character, but 
it seemed important to measure the currents flowing and 
then to apply Faraday’s law, so as to ascertain whether the 
currents were sufficiently strong to account for the whole 
of the corrosion observed. 

Such experiments were being carried out by J. N. Agar 
when war broke out. The method was to explore the 


* Paper No, 1/1940 of the Corrosion Committee, /ren and Steel lnstitute, 
Advance copy. 
1 R. 8S. Thornhill and U. R. Evans, Journal of the Chemical Society, 1958, 
p. 614. 
2 R. 8. Thornhill and U. R. Evans, J/owrnal of the Chemical Society, 1938, 
p. 2109, 


distribution of potential in the solution (sodium chloride 
or sulphate) around a corroding zine strip by means of a 
tubulus leading to a reference electrode. Although the 
work had not been completed at the time of the out- 
break of war, it is already possible to state that the electric 
currents measured are strong enough to account for the 
greater part of the corrosion actually observed, and probably 
correspond to the whole of the production of the loose 
corrosion product. A small amount of highly adherent 
corrosion product formed above the water-line has clearly 
a different mode of origin. It may be due to electric 
currents traveiling over paths too short to be detected on 
the apparatus in question. But it is more likely to be 
connected with the upward creepage of sodium hydroxide 
which is formed as the cathodic product at the water-line. 

These three researches (of which two have actually 
been published, and one has been left unfinished) show 
that the cases of corrosion studied are mainly, and probably 
wholly, of an electrochemical character’. 


Effect of a Scratch-Line on the Protective Character 
of Superficial Oxide 

In a recent research on passivity towards natural waters‘, 
it was noticed that the protection afforded by certain 
treatments in chloride and chromate was not seriously 
affected if a scratch-line was subsequently made on the 
surface. It was subsequently shown that Cambridge 
water treated with sufficient chromate to make it non- 
corrosive to steel under stagnant conditions, remained 
non-corrosive even if the surface was scratched continuously 
with a weighted needle. These observations rather suggest 
that the protective layer produced by the chromate is in 
effect malleable. Some indications of the malleable 
character of the mixture of oxide and metal formed near 
the surface after mild superficial oxidation was obtained 
during work on the transfer of oxide from iron to celluloid? ; 
it was found that the relatively thick films responsible 
for the late interference colours were cracked off bodily 
when a scratch-line was made on the surface, only isolated 
fragments being pushed into the metal, but some evidence 
was obtained that the oxide formed on more gentle heating 
was pushed down bodily into the metal when a scratch- 
line was made. On iron heated to develop the first straw- 
yellow interference colour, there seems to exist below the 
oxide film proper a mixed zone of metal and oxide, as 
shown in the early work with J. Stockdale® ; the intimately 
mingled character of the superficial oxide and metal 
produced when iron is abraded at ordinary temperatures 
is well brought out in the recent work of Vernon, Wormwell 
and Nurse’. 

It seemed highly important to ascertain whether, in the 
case of films formed by simple oxidation in air, scratching 
caused appreciable loss of protective character. Early 
work on this point had suggested that breakdown of 


3 This refers to stagnant solutions. It remains possible that under conditions 


of great agitation (where the product of direct oxidation might be continuously 
removed as it is formed, so that the direct oxidation will not be smothered) corrosion 
may be produced in a way which involves no passage of electric currents over paths 
of appreciable length. 

U. R. Evans, Nature, 1938, vol. 142, p. 160, 

5 U. R. Evans, Fifth Report of the Corrosion Committee, p. 239, Jron and 
Steel Institute, 1938, Special Report No, 21, 

6 U. R. Evans and J, Stockdale, Journal of the Chemical Society, 1929, p. 2651, 

7 W. H. J. Vernon, PF. Wormwell and T. J, Nurse, Journal of the Chemical 


Noaciety, 1939, p. G21, 
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passivity usually occurred when the scratching point was 
of a jagged character, but that scratching with a simple 
point had relatively little action®. It was decided to use 
acidified copper nitrate solution as a test for the protective 
character of the film, since the action of such a solution 
depends largely on the acid content. 

By heating a strip of carbonyl iron at one end so as to 
produce the usual sequence of interference colours, and 
applying rows of drops of copper nitrate, each row con- 
taining a different amount of free acid, the author has 
prepared charts comprising the study of about 3,000 
drops; from which several facts have been definitely 
established, All the specimens showed that much more 
acid is needed to produce copper deposition in the faintly 
straw-coloured region and the adjoining region which has 
suffered no visible change, than in the region represented 
by definite interference colours. This confirms early results® 
which showed that the amount of oxide capable of producing 
definite interference colours afforded less protection than 
the amount of oxide just insufficient or barely sufficient to 
give interference colours. The more protective type of 
oxide corresponds to the conditions where the oxide is so 
much interlocked with the metal that it does not develop 
cracks through accidental bending or internal stresses in 
the metal. 

The most interesting point was brought out by the 
study of specimens on which scratch-lines had been 
engraved, in the Mears-Ward machine*, just before the 
drops were placed in position. Comparison with experi- 
ments on unscratched specimens carried out under other- 
wise identical conditions showed that under many cir- 
cumstances scratching did not appreciably increase the 
liability to the deposition of copper, although the distribution 
of attack was altered ; in regions covered with interference 
colours, there was a tendency for the copper to be deposited 
along the scratch-line, whereas in the absence of a scratch- 
line it would be deposited at isolated points below the 
tirop, doubtless representing accidental cracks the 
film. In the neighbourhood covered by very thick films, 
the state of affairs is complicated by the presence of a 
magnetite film below the ferric oxide film and by the fact 
that copper deposition, if it occurs, is not always very 
conspicuous ; it is preferred to make no statement about 
this region at present. With regard to the regions covered 
with early interference colours and those which have 
acquired no tints, it may be stated definitely that scratching 
does not seriously increase the tendency for the deposition 
of copper, provided that the drop is not applied imme- 
diately after scratching. 

Although the action of copper nitrate on partly oxide- 
covered iron differs from that of ordinary waters, in that 
the cathodic product is metallic copper instead of some 
body (caleium carbonate or sodium hydroxide, in hard and 
saline waters respectively) which can subsequently interact 
with the iron salts formed at the anode, yet the conclusions 
reached above may be helpful in showing why (especially 
on stainless steels) massive visible oxide is frequently an 
accelerator, or at least a iocal intensifier, of corrosion, 
whereas invisible oxide, especially if so much interlocked 
as not to be cracked off on bending, plays a protective role. 


Development of Paint for Application to Steelwork 
in Unfavourable Surface Conditions 

The extensive results obtained by J. C. Hudson for the 
Corrosion Committee and also several series of tests con- 
ducted by the Cambridge Group'® (including the recently 
terminated seven-year tests) have indicated that admirable 
protection can be obtained over long periods even in 
severely polluted atmospheres, provided that  inhibitive 
paint, followed by two suitable coats chosen for their 


si Evans, Journal of the Chemical Society, p. Wes For the 
corresponding observations on copper, se | R. Evans. Jowrnal of the Chemical 
Society, 1925, p. 2191: compare alse the results of HL. Vernon, Journal of the 
Chemical Society, 1926, p. 2275 

9 R. Mears and BE. Ward, wa the Society of Chemical lndustry 
1934, vol, 33, p. 

lw & C. Britton and U, R, Evans, /owrnal of the Society of Chemical ladustru 
1930, vol. 49, p. 173T; 1932, vol. 51, p. 1936, vol. 55, p. 3377 
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mechanical properties, has been applied to a surface free 
from moisture, scale, rust and salt. But, if the steel is 
damp at the time of application, good results cannot be 
obtained and that even an invisible film of moisture 
reduces the protection. In the tests carried out by 
K. G. Lewis! at Cambridge, the worst results were ob- 
tained when steelwork had been allowed to weather before 
painting for a sufficient period to produce small holes in 
the covering of mill-scale. The non-adherent mill-scale 
and most of the rust present on weathered steel can be 
removed by wire-brushing, but the ordinary wire-brush 
leaves the whole of the adherent mill-scale and even a 
small amount of rust in microscopic ** blobs” ; if produced 
in a polluted atmosphere this residual rust will generally 
contain soluble salts of iron. 

Since in practice steelwork may have to be painted under 
unfavourable weather conditions and since the removal 
of scale and rust by pickling or sand-blasting is not always 
an economical process, it is of vital interest to develop 
paints which can be applied to surfaces which are (a) wet 
with water, (b) partly covered with mill-scale, or (c) carrying 
the residual rust left after wire-brushing. J. E. O. Mayne 
has now examined emulsion paints pigmented with red 
lead and metallic zine, which, when applied to steelwork 
fully wet with water, give good coats. The question of 
painting steel partially covered with scale and rust residue 
however, is a more complicated problem. After some 
experiments it seemed possible that the beneficial effects 
sought through the use of soluable inhibitors might be 
obtained by using an emulsion paint containing metallic 
zine pigment, which would send local currents in the 
opposite direction and might perhaps overcome the effect 
of the cell iron/mill-scale, without the use of inhibitive 
washes or soluble inhibitors in the paints. Accordingly, 
Mayne exposed on June 19, 1939, some preliminary 
specimens coated with emulsified metallic zinc paints and 
emulsified red lead paints. Certain portions of each 
specimen were coated with ordinary iron-oxide oil paint 
over the emulsified primer, whilst another portion of each 
carried iron-oxide paint alone. These specimens were 
exposed to the Cambridge atmosphere, but the rising of 
the paint has not been prevented in cases where mill-scale 
was present ; scale-free specimens, even though painted 
when wet with water, were behaving well after three 
months’ exposure. Although some years must elapse 
before a definite decision can be given, it would seem 
probable that the problem of painting wet metal has been 
solved, but that the problem of painting partly weathered 
metal has not been solved. The specimens exposed in 
these outdoor tests carried emulsion paints of a relatively 
preliminary composition. Subsequent to the starting of 
these exposure tests, considerable improvement has been 
effected in the composition of the various emulsion paints, 
but, owing to the war, it has not been possible to start 
fresh exposure tests with the improved paints. If cir- 
cumstances should permit, it may be possible to start 
these additional exposure tests later. 


Silver Membranes 

DistTILLATiON of certain binary alloys of silver, in which 
the second metal has a lower boiling point, is a convenient 
method for the preparation of silver membranes which can 
be used in the study of gaseous diffusion. Membranes 
with very fine pores were prepared by V. N. Alferova by 
vacuum distillation of silver-cadmium alloys with a silver 
content of 84—61-46°,, at temperatures ranging from 
650 —730 C. (Troudy Vironejsk, Ouniv. 10, 213-225, 1938). 
Silver-zine alloys have also been used for this purpose by 
H. J. Read, who obtained the most satisfactory results by 
distillation at 700°-—S00° C, in a vacuum of 0-02 mm. Hg. 
of foils 0-013 em. thick, in which the zine content ranged 
from 24-8—28-5°, (Thesis, University of Pennsylvania, 
1939). 


ll K. G. Lewis and U. R 
P. 173, and Steel Institute 


Third Report of the Corrosion Committee, 
Special Report No, 8. 
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Method of Sclero-Grating Employed for the Study 
of Grain Boundaries and of Nitrided Cases ; 
Grain Structure Revealed by Cutting 


T" E aim of the work, described in this paper 
by Bo W. L. Ljunggren, to be presented at the 
May meeting of the Iron and Steel Institute, has 
been to investigate whether a molecular concentration, or 
adsorption, in the grain boundaries, assumed by Benedicks 
Léfquist' to be a hindrance to grain growth, might give 
rise there to an increase of hardness which could be 
demonstrated by the micro-sclerometric method. In any 
case, only an extremely thin molecular layer might be 
expected, and hence it is obvious a priori that very great 
demands will be made on the sensitivity of the method. 

For this purpose a sclerometric method, which was first 
employed by Benedicks and Mets,? was considered the 
most apprepriate. This method consists in ruling a grating 
—which might show possible hardness variations—on a 
polished even surface, using a sharp hard point. The 
method may thus be described as a micro-sclerometric 
grating method, but for the sake of brevity the designation 
sclero-grating method will be used. 

It is thus akin to the sclerometric procedures of earlier 
scientists, such as the rather refined work produced by 
Bierbaum,*-* though in his case only single lines were 
made and measured. The fact that here there is a great 
number of ruled equidistant lines permits of local variations 
in hardness to be observed more sharply. 

The procedure concerned—applicable to numerous 
metallographic problems—has been made highly sensitive, 
mainly by making the point-bearing part very light, with 
great lateral stability and freedom from friction. The 
smallest ruling distance between adjacent lines has been 
brought down to about 2». The lowest pressure used was 
0-05g. For the ruling points different materials and 
different shapes were tried. For the detection of hardness 
difference, however, no strictly geometrical shape of the 
point is necessary ; particularly high sensitivity is frequently 
achieved through the action of a secondary point. The 
ruling speed should not exceed a maximum value, depending 
on the pressure, the hardness of the material to be ruled 
and the presence of oil. 

In a detailed examination of a diamond point, good 
agreement was reached between the rulings obtained and 
the configuration of the point, especially the shapes of its 
highest peaks, which, by a suitable system of illumination, 
were successfully photographed at a high magnification. 

In order to check the sensitivity obtained with the sclero- 
grating method, use was made of brass containing a thin 
inlaid nickel layer. It was found that the difference in 
ruling hardness in adjacent grains (of iron) was large enough 
to develop the grain structure—roughly like that produced 
by etching. The sensitivity is particularly good at low 
pressures combined with a small ruling d‘~ance. The 
sclero-grating methods reveals the cold-working occurring 
under individual scratches in the preliminary grinding. 

It had been assumed by Benedicks and Léfquist that 
certain dissolved substances could be enriched molecularly 
in the grain boundaries of a metal, thereby hampering 
grain growth. If this were the case, a certain hardness 
increase might be expected to occur in the boundary— 
even in the absence of any microscopic precipitation. The 


Chimie et Industrie, 1939, vol, 41, Mar., p. 434. 
Arkiv for Matematik, Astronomi och Pysik, 193A, 
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aim of the author was to investigate how far it was possible 
by means of the sclero-grating method to detect any such 
hardness increase. Numerous trials embracing different 
irons, lead contaminated with nickel, and aluminium 
contaminated with iron, which were all heat-treated in air, 
on the whole gave negative results. On the other hand, 
when the annealing was done in an atmosphere of nitrogen, 
in which especially hard nitrides might be formed—as 
aluminium nitride, which Benedicks and Léfquist have 
shown to be predominantly grain stabilising—the results 
were different. Experiments were first made with 
aluminium. It was found here that a sensible hardness 
increase did occur, even though it was not possible to 
observe under the microscope any precipitation in the 
grain boundaries. On aluminium interesting observations 
were made, indicating that lamellze of Al,Fe, on annealing, 
projected from the surface. In the neighbourhood of blow- 
holes the aluminium was found to contain portions softer 
than the bulk ; near large Al,Fe inclusions the metal also 
contained portions harder than the rest. 

In sclero-gratings made on iron, grain boundaries were 
observed in which this method clearly revealed a greater 
hardness, although no precipitation could be detected 
under the microscope. In iron, likewise, harder portions 
were found to exist near sulphide inclusions. In large 
non-metallic inclusions the presence of two phases was 
clearly revealed by the sclero-grating method. 

The sclero-grating method was finally applied to a study 
of the hardness of the microconstituents of the nitrided 
case—in regard to which earlier determinations had been 
exclusively concerned with the resulting or total hardness 
at different depths. 

In nitrided soft iron the a@ phase is very much softer 
than the y’ phase. If the phases be ranged in the order of 
decreasing hardness the sequence is: ¢€, y’, a—a sequence 
corresponding to the variation of the nitrogen content. 
This explains the curve of total hardness for nitrided soft 
irons, in which the hardness is found to decrease from 
the surface inwards. Accidentally, a grain boundary was 
observed—where no y’ phase could be found—possessing 
a greater hardness than that of the adjacent grains. 

In nitrided chromium-vanadium steel the a phase was 
found throughout to be appreciably harder than in the 
preceding case. The hardness, however, decreased inwards, 
so that at a greater depth it was less than that of y’; ata 
certain depth the hardnesses_of both phases may be the 
same. The a phase here has a relatively slight hardness. 
Consideration of these observations provides a reasonable, 
though hypothetical, explanation of the curve of total 
hardness for the steels showing two hardness maxima. 

In nitrided chromium-aluminium steel the a phase 
proved to be of comparatively still greater hardness. The 
sclero-grating experiments on this material were too few, 
but the impression was gained that the phases behaved in 
respect of hardness very much as they did in the chromium- 
vanadium steel. 

Hardness-depth curves obtained by using the sclero- 
grating method and measuring the width of the rulings 
gave fairly good agreement with those obtained by the 
Vickers method. A number of determinations made on 
the Vickers method indicated that the bending-off, frequently 
occurring in the hardness curves (at greater depths), might 
be explained by assuming that the residual layer of the 
nitrided case was so thin that it gave way under the 
pressures generally used. 


| 

‘ | 


192 METALLURGIA 


A description is given of a characteristic blister formation 
which appeared on the continued nitriding of chromium- 
aluminium steel and gave rise to semi-circular cracks, with 
or without flaking-off. This seems to give a certain insight 
into the mechanism of nitriding. 

In connection with the sclero-grating experiments, some 
tests on the cutting of a soft metal with a knife—which 
may be regarded as a laterally extended point—were made, 
chiefly on pure lead. It was found that the grain structure 
of the metal could be beautifully developed by cutting, in 
much the same way as in etching. The main condition is 
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that a sufficiently large free-cutting angle (4-5° to 6-5°) 
must be used—and not close contact, as has probably 
been more frequently used previously. On the surface so 
prepared a curious substructure was discovered, which is 
interpreted as being due to the presence of slight impurities. 
This structure—trecalling certain solidification structures, 
but of a much coarser character—may become visible 
owing to the combined actions of the surface cutting and 
etching, both of which are extremely sensitive to hetero- 
geneity in the metal. 


The Ageing of High-Purity Four-Per-Cent 
Copper-Aluminium Alloy 


Results are given of an investigation consisting of two parts. One gives hardness 
measurements on a 4°, copper aluminium alloy aged for proionged periods at tempera- 


tures ranging from OC. to the quenching temperature ; 


and the second, the results of 


the microscopic analysis of the alloy during ageing, together with certain pertinent 
analyses. 


THEORY of age-hardening based on the ageing of 


alloys of the duralumin type, beryllium-copper 

alloys, and silver-copper alloys was presented by 
Dr. Marie L. V. Gayler, at the 1937 annual general meeting 
of the Institute of Metals. This theory stated that age- 
hardening took place by two processes—by diffusion and 
by precipitation—the second overlapping the first. It was 
stated that each of these processes is characterised by 
changes in physical properties which will present maxima 
and minima, depending on the ageing temperature, the 
characteristics of the first being gradually replaced by those 
of the second, Theoretical curves were given representing 
the relationships between hardness and duration of ageing : 
maximum hardness and temperature of ageing ; and time 
of attaining maximum hardness and temperature of ageing. 
In the discussion which resulted, doubts were raised as to 
the validity of the theory and of the curves relating to the 
ageing phenomenon. 

Further evidence in support of this theory is given in a 
paper by Dr. Gayler and Mr. R. Parkhouse,* which forms 
part of a research carried out for the Metallurgy Board 
of the Department of Scientific and Industrial Research. 
The investigation discussed was carried out on a binary 
alloy of high purity in order to check the previous results 
in the case of an alloy free from the influence of any * im- 
purity.” The research consists of two parts. Part | by 
the authors contains the results of Brinell hardness measure- 
ments on a 4°, copper-aluminium alloy aged for prolonged 
periods at temperatures ranging from 0° C. to the quench- 
ing temperature. Part [1 by one of the authors, Dr. Gayler, 
consists of the results of the microscopic analysis of the 
alloy during ageing, together with certain pertinent X-ray 
analyses, 

The experimental evidence given, based on the micro- 
scopic analysis and on measurements of the Brinell hardness 
of the alloy investigated, confirms the theory of ageing put 
forward in the earlier work. Ageing takes place in two 
stages, each of which presents a maximum on the hardness- 
temperature curves, No straight-line relationship exists 
between the reciprocal of the absolute temperature of age- 
ing and the maximum hardness of the first stage of ageing. 
Such a relationship holds, however, in the case of the second 
stage of ageing, though, theoretically, over only a limited 
temperature range. 

From other curves submitted, it has been deduced that 
there is a temperature of ageing above which instability 
will set in at a rate increasing with rise of temperature, 
and below which increase in hardness may occur very 
slowly, though softening will not start until years have 
passed, and will then only proceed at an exceedingly slow 
rate. 


Inst, Metals, 1940, 66, 67-84 


The microscopic analysis of the alloy concerned has been 
carried out during prolonged ageing at various temperatures. 
Up to the time of attaining the first maximum on the hard- 
ness curves, sub-microscopic changes occur within the 
grains, but after this state has been reached and before the 
increase in hardness due to the second stage of ageing sets 
in, changes occur both within the grains and in the grain 
boundaries, which are characterised by marked chemical 
reactivity towards both etching reagents. No precipitation 
has been observed during this period of ageing. 

The second stage of ageing is accompanied by visible 
precipitate within the grains, but no precipitate could be 
detected with any certainty in the grain boundaries until 
just after maximum hardness had been attained. This fact 
is contrary to what has been generally accepted up to the 
present. 

The precipitating phase is the intermediate cubic form 
of CuAl,, which changes polymorphically to CuAl, only 
after maximum hardness has been attained. It is question- 
able whether the visible particles of the intermediate phase 
may be considered as a precipitate, since they have been 
shown to be united to the aluminium matrix until the poly- 
morphic change to CuAl, causes the break-away from the 
aluminium lattice and true precipitation sets in. 

The preferential staining of grains on etching has been 
shown to be related to the orientation of the grains ; those 
most deeply stained have (100) planes parallel to the plane 
of polish and unstained grains have (110) planes parallel 
to the plane of polish. 


The X-ray Examination of Magnesium 

Alloy Casting 
SoME experimental work on the optimum conditions 
enabling the detection of defects in magnesium alloy 
castings by X-ray examination, is described by Trapeznikov 
and Eytingon*. Under suitable conditions it is possible 
to detect parts with a loose metal structure, which occurs 
mainly in the thicker sections of the casting: porosity : 
blowholes, usually encountered near the edges of the 
casting: and dense small inclusions with an_ irregular 
angular shape. These inclusions usually occur in the 
thicker parts of the casting. Finally, there is a fifth type 
of defect which gives rise to fuzzy black spots on the 
photographs. Microscopic examination of a casting in 
which this type of defect was observed showed the presence 
of black markings of varying width and length situated 
along the grain boundaries. These markings probably 
represent intercrystalline cracks. They were present in 
the thicker parts of the castings, the thin parts being quite 
free from them. 


Zay. tab. 1989, No. 8, pp. 875-877. 
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Recent Developments in Materials, 


Tools and 


A New Shorter Flame Hardening Machine 
Ti Shorter surface-hardening process has beenapplied 


successfully for many years, and with increasing ex- 

perience in its application machines have been im- 
proved either to widen the scope of work which can be 
usefully treated or with a view to increasing the accuracy 
and serviceability of the machine. Continuing the develop- 
ment of the process, a new surface-hardening machine has 
been produced more especially designed for hardening spur, 
bevel, single- and double-helical gears and all straight 
surfaces. This machine tool is so designed and constructed 
that surface hardening can be effected with precision. The 


Fig. 1.—The machine head and cross carriage. 


principal of local heating by means of blowpipes and 
burners and subsequent quenching is just the same but 
control of the operation is improved and the results more 
accurate. 

The machine head comprises a fabricated and machined 
steel carriage motor driven through an instantaneous action 
saw-toothed clutch-and-chain-and-sprocket mechanism. 
The adjustable blowpipe mounting has all the usual pre- 
cision controls for setting up for “Shorter” process 
operations. The whole assembly is mounted on a fabricated 
cross carriage, as in Fig. 1, for positioning at any required 
point, and can be traversed longitudinally on a tank. 
The final drive motor incorporated in the machine head 
is worked in conjunction with a Ward-Leonard set. A 
control panel is fixed to the operating side of the carriage 
which is provided with a speedometer graduated in inches 
per minute from 0 in. to 14in. The use of this set enables 
a stable final speed to be obtained within a variation of 
anything up to 10 to one. A uniform torque is maintained 
throughout these limits, the speed, therefore, being 
independent of the load 

Power transmission is effected through a saw-toothed 
clutch in conjunction with the output shaft. One half of 
the clutch is spring loaded and instantaneous when released 
by the clutch mechanism. Transmission from the clutch 
shaft to the driving wheels is effected by a chain and 
sprocket. The shaft carrying the driving and idle wheels 
runs in self-aligning ball bearings and the housings are 
fitted with oil seals. 

The main clutch is controlled by a ball handle (Fig. 2), 
snd is provided for instantaneous stopping and restarting 
motor is not reversible. An auxiliary clutch mechanism 


is also incorporated in the machine head, so that an in- 
lependent secondary shaft may be rotated. 


Equipment 


of the machine head. It also allows for the rapid with- 
drawal of the machine head to starting position, as the gear 

The front side-plate of the machine head is carried down 
in the form of a slotted apron, as in Fig. 1. A rigid guide 
finger may be bolted to this plate, and when in contact with 
a wheel to be treated, will, as it meshes with the helical 
or spiral tooth, revolve the wheel to bring the tooth pro- 
gressively into proper relation with the burner, thus the 
distance between burner and work is kept constant. 

A cross-carriage, which carries the operating head, is 
disposed across the tank, and runs longitudinally on rails 
mounted on a supporting frame. The various supply 
conduits for coal gas, acetylene, oxygen, water, etc., are 


Fig. 2._-The main- 
transmission 


Fig. 3.— General 
view of the com- 
plete machine . 


carried on the body of this carriage. The supporting frame 
surrounding the water tank, in which the details to be 
hardened are mounted, accurately locates the machine head 
without risk of undesirable movement. 

A complete range of blowpipes and burners is available 
for treating gears from one to eight diametral pitch. The 
new machine, which is shown in Fig. 3, is not only of sturdy 
construction, but embraces many refinements which enable 
it to be used for precision hardening of a wide range of 
products and components. It is designed and manufactured 
by Shorter Process Company Ltd., Celtic Works, Saville 
Street East, Sheffield, +. 
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Reviews of Current Literature 
Cast Metals Handbook 


Tus handbook is designed to present to engineers, 
designers, and all users of castings or otherwise interested 
in castings, condensed, authoritative and up-to-date data 
on cast metals. The data are such as enable the user to 
select the material best suited for his purpose and will 
give him needed information to co-operate with foundries 
in obtaining his castings in the most satisfactory manner. 
The last edition was published in 1935 and this, the 1940 
edition, indicates how great the progress in cast metals 
has been in the last few years. The information given in 
the former edition has been thoroughly revised and 
expanded in the light of developments and the present 
edition records the further progress and brings the user 
of the volume up-to-date. 

In recent years cast metals of greatly improved strength 
have been developed in each group of casting alloys. It 
has been proved by experience that by proper selection 
of materials, correct heat treatment and careful foundry 
and metallurgical control, castings of uniformly high 
quality, covering a wide range of physical properties, are 
manufactured commercially. This handbook of 500 pages 
provides a mine of information on their production and 
will prove invaluable fo engineers, designers, foundrymen 
and metallurgists intimately associated with castings. 

Published by the American Foundrymen’s Association, 

222, West Adam Street, Chicago, Ill., U.S.A. Free 
to members on return of previous edition. Price to 
non-members $5-00. 


Properties of Washington Coke Studied 


Although Washington has been a coke-producing State 
for more than 50 years, little specific information dealing 
with properties of coke as evaluated by standard tests now 
used in the industry has been published. To fill this gap 
a comparative investigation of the physical and chemical 
properties of Washington cokes has been made. Especially 
with the prospect of an ample supply of electric power 
being'shortly available in this State, an increase may occur 
in the use of coke in electro-thermal and electro-metallurgical 
industries, hence, definite, authoritative information about 
the properties of coke which can be produced from Wash- 
ington coals will be essential. 

Twenty samples of cokes were examined. Fourteen of 
these were from Washington, three from British Columbia, 
and one each from Utah, England and Germany. 

The complete results of this work are detailed in Technical 
Paper 597, Physical and Chemical Properties of Cokes 
Made or Used in Washington, copies of which may be 
obtained from the Superintendent of Documents, Govern- 
ment Printing Office, Washington, D.C., U.S.A., at 10 
cents each. 


Quantitative Spectrographic Analysis with 
the Microphotometer 
Part I.—A Review of Published Work 


RaPip progress in quantitative spectrographic analysis 
during the last few years has been very largely due to the 
introduction of the microphotometer. This instrument 
provides a means of determining the relative blackenings 
of the lines used in the analysis with a precision far superior 
to that of visual observations by even a trained worker. 
As a result of the much improved accuracy of measure- 
ment now available, the standardisation of electrical and 
optical conditions for routine analysis has been shown to 
require more rigid control than was formerly considered 


necessary. It is with the nature and control of the variables 


encountered in the standardisation of technique that this 
report is mainly concerned and, for convenience in reference, 
the various aspects of the subject are dealt with under the 
following headings :—Size and shape of the electrodes ; 
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the pre-sparking period ; illumination of the spectrograph ; 
blackening curves of the photographic plate ; interpretation 
of density measurements ; calibration of the photographic 
plate ; stepped wedge and stepped sector methods ; three- 
line method ; corrections for variable conditions ; choice 
of line pairs for measurement; spectrum background ; 
effects due to alloying constituents; effect of crystal 
structure and metallurgical condition ; industrial applica- 
tion of the method. 

In the next section of the report data for the analysis of 
alloys of aluminium, of copper, of lead, of magnesium, of 
nickel, of tin and of zine (range of constituents studied, 
the line pairs measured, the source of the spectrum and 
the accuracy claimed) are summarised in tabular form, 
with reference to a bibliography of 54 publications. 

This report forms the first of a series ; succeeding ones 
will deal with experimental contributions to the subject 
from the Association’s laboratories. 

By D. M. Smith, B.Se., D.I.C., F.Inst.P. (Research 
Report R.R.A. 524 of the British Non-Ferrous Metals 
Research Association.) 24 pp. Published by the 
Association, Euston Street, London, N.W.1. 1939. 
2/— post free. Obtainable from the Association or 
from any bookseller. 


Metallurgical and Industrial Radiology 


THE importance of the term quality in its relation to 
products is having increased significance, since so much may 
depend upon the performance or resistance to fracture 
of a component in a structure, as a result the facilities 
provided for careful testing and inspection are gradually 
increasing. In this respect direct inspection of parts by 
means of radiography is proving invaluable as a non- 
destructive test for castings, stampings, forgings, welds, 
ete. This method offers perhaps the only means whereby 
the internal structure of an actual component, either 
before or after assembly, can be effectively studied without 
damage. Especially is this method invaluable for the 
inspection of castings and forgings in aluminium and 
magnesium alloys. Among metals, magnesium is probably 
the most easily and readily penetrable by X-rays. A 
magnesium casting 6-in. thick can be penetrated satis- 
factorily with the X-ray exposure necessary for obtaining 
& picture through 4in. of aluminium. Radiographs of 
the aluminium alloys, however, show up common defects 
more sharply than is the case with magnesium alloys. 
Manufacturers of such components, which are required 
to satisfy stringent specifications, will desire to avail 
themselves of the means whereby production can be 
checked and controlled. In addition to tests for mechanical 
properties, the Air Ministry and other bodies call for 
radiological examination and reports in respect of stressed 
structures and components, with the result that the study 
of the subject has been intensified. To facilitate the 
application of industrial radiology this practical work 
will be invaluable and it has come at an opportune time 
when the practical metallurgist is working under heavy 
pressure and has not the time to study the theory of the 
science in order to develop his own method of procedure. 
Although the author states that the theory of X-rays is 
not within the province of this book, he does give essential 
information on the properties of X-rays and on the con- 
struction of tubes and other appliances, in order that 
apparatus may be used advantageously. But his principal 
object is the metallurgical examination of components or 
welds from a practical rather than an academic or research 
aspect, and he has succeeded admirably. It is a relatively 
small book of 88 pages, but it is full of practical information 
on the application of X-rays to the examination of high- 
stressed structures and components and includes some 
excellent reproductions of radiographs illustrating defects 
in castings and welds. 
By Kenneth 8S. Low, A.R.S.M., published by Sir Isaac 
Pitman and Sons, Ltd., Parker Street, Kingsway, 
London, W.C. 2. Price 7/6 net. 
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Direct-Coupled Roller Motors 


Modern rolling-mill practice tends towards the use of individual motor 

drives for roller tables, and it is suggested that low-frequency motors fed 

from either a constant- or variable-frequency generator set, offer the most 
economical and satisfactory solution. 


HE utilisation of electricity 
| in the distribution of power 
in rolling miils has contri- 
buted much to the development 
of that section of industry and 
progress is continually being made 
to facilitate or increase operations 
by improved mechanism and ap- 
plications of the power. Modern 
rolling-mill practice, for example, 
is favourable to individual motor 
drives for roller tables in pre- 
ference to group drives in which 
one motor is used to drive a 
number of rollers through gearing. 
Several advantages are claimed 
for individual motor drives, among 
which may be included simplified 
design of the roller tables, as 
dead alignment between adjacent 
rollers is not essential; each 
roller with its driving motor forms 
a self-contained unit which can 
be replaced in very short time, if 
required ; reduced maintenance 
costs as a result of the absence 
of gearing, shafting and difficulties 
of alignment; fewer operating 
shut-downs, as an individual roller can be cut out without 
interrupting the operation of the roller table ; ease with 
which the various parts of the mill can be synchronised 
since the roller motors are supplied from a common source, 
and their speeds are, therefore, uniform ; speed variation 
of the roller motors can be obtained by means of a variable 
frequency converter ; higher overall efficiency as a result 
of the absence of gearing. 

Low-frequency motors are specially designed and con- 
structed for this service ; the run-out table of the hot mill 
in a large steelworks, shown in Fig. 1, is equipped with 
G.E.C. low-frequency roller motors. These machines are 
direct coupled to the rollers through flexible couplings. 
They are available in two forms : as totally-enclosed motors 
and totally enclosed with fan cooling addition. In the latter 
type a fan, situated outside the motor shell, forces a con- 
tinuous stream of air over the outside of the shell to assist 
the dissipation of heat. The fan is enclosed by a cowl which 
assists in directing the cooling air across the motor frame. 

By designing the machines to run on a low-frequency 
supply, it is possible, in most instances, to obtain the high 
torques required for acceleration and retardation without 
resorting to specially-constructed high-resistance rotors. 
Another advantage is that the size and cost of the motor 
can be reduced considerably, as compared with machines 
operating at the normal 50-cycle frequency. Furthermore, 
although a frequency converter forms a necessary part of 
the equipment, the total cost of the installation compares 
very favourably with that of specially-designed 50-cycle 
motors. 

The motors operate from a low-frequency supply so that 
the starting current is reduced to a small value, while the 
starting torque given by the motor is high. If desired, 
arrangements can be made for reversing the roller motors 
by a set of contactors which form part of the control 
equipment. When the equipment is designed for this 


Courtesy of General Elvetrie Co., Ltd, 


Fig. 1.—Low-frequency motors on the run-out table of a hot mill in 


a large steelworks. 


. 


service, the motors can be 
stopping. 

The motors are supplied from a frequency converter 
which can be either of the constant-frequency or variable- 
frequency type dependent on whether constant- or variable- 
speed drives are required. Converters of the latter type are 
shown in Fig. 2. Constant-frequency converters are usually 
driven by induction motors operating from the A.C. mill- 
supply system. If variable frequency is required, the con- 
verters are driven by variable-speed D.C. motors. With this 
arrangement, the roller motors of the working tables can 
be started up at the low frequency, and rapidly accelerated 
or retarded by varying the speed of the converter, and 
consequency the frequency of their supply. 

It is possible to supply a complete installation from one 
converter, even when different table speeds are required, 
but a more desirable cable layout may be possible by 
installing a number of converters, each supplying its own 
set of roller motors. 

The control equipment for the roller motors is of the 
contactor type arranged for remote operation from master 
controllers. For each group of motors, the equipment 
includes a triple-pole main-isolating switch and two triple- 
pole heavy-duty reversing contactors fitted with roller 
bearings, and designed for very frequent service (up to 
750 operations per hour). Protection is afforded by 
cartridge-type high-rupturing-capacity fuses and no-volt 
relays. The relays are so arranged that they will trip the 
main contactors in the event of failure of the constant- or 
variable-frequency supply to the unit. If the relays have 
operated, the contactors can only be reclosed after. the 
master controller has been returned to its off position. 

Each pair of reversing contactors is arranged to control 
a group of motors. For the protection of each motor, 
therefore, either a triple-pole ironclad switch with fuses, 


“plugged” to give quick 


7 
ris 


or a triple-pole contactor with thermal overload releases 
is supplied. Protective units can be mounted alongside 
each motor, connection boxes being provided to permit 
“looping in” of the main power cable which runs along 
the whole length of the roller 
tables. In an alternative arrange- 
ment, the protective units are 
mounted on a busbar chamber to 
form a complete assembly which 
can be mounted in a convenient 
position near to the motors. This 
scheme possesses the advantage 
that it is only necessary to provide 
heavy power cable to each set of 
protective units from which 
smaller cables are taken to in- 
dividual roller motors, 

For constant-frequency — con- 
verters, the A.C. driving motor is 
controlled by standard starting 
equipment, which may comprise 
an auto-transformer starter and 
circuit breaker, or stator switch 
with oil-immersed or liquid starter 
depending on the type of driving 
motor employed. Where the 
frequency converter is driven by 
a variable-speed D.C. motor, the 
whole of the equipment for con- 


the same flatback switchboard as 
the control gear for the alternator, 

The speed of a variable-frequency converter, and con- 
sequently its frequency, is controlled by the hand-operated 
shunt regulator in the fields of the D.C. driving motor. 
Where desired, arrangements can be made for remote speed 


A Note on the Macro-Etching of Magnesium 
Alloy Forgings* 
By W. H. Dearpen, M.Sc. 

N view of the increasing use of magnesium alloy forgings 
I in engineering, the provision of a satisfactory method 

of macro-etching such materials has become a matter 
of considerable practical importance. Up to the time of 
writing, and so far as can be ascertained, no method has 
been made available in the various technical journals, and 
this may perhaps be taken as indicating that the problem 
is one of some difficulty. The present note gives some 
results of an investigation which has been carried out for the 
Metallurgical Department of the Royal Aircraft Establish- 
ment, South Farnborough. 

The tests have been made on forgings of the alloy known 
as AZS855, containing about 9°, aluminium and about 
0-5°,, zine, which is used for the manufacture of airscrew 
blades. 

In devising a suitable method of macro-etching, it was 
considered desirable to avoid as far as possible the use of 
expensive chemicals and the necessity for elaborately- 
finished metal surfaces, Both these points are of obvious 
importance in the works. A method of macro-etching which 
requires that the surface under examination shall be 
elaborately polished is not likely to find very ready ac- 
ceptance among people who are interested in, for example, 
the etching of a complete longitudinal section of an airscrew 
blade. It was also considered that if the etching reagent 
finally chosen gave satisfactory results on simply-prepared 
surfaces it would give equally good or better results when 
polished surfaces were used, if, in any instance, such 
preparation was considered necessary. In the present 
work, therefore, the surface to be etched has always been 
rubbed down to Hubert No. | emery paper. This com- 
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control from push buttons on the control desk. A further 
method of control consists of connecting the shunt regulator 
of the variable-frequency converter to the speed regulator 
of the D.C. mill motor. With this system the frequency of 


his Courtesy of General Electric Co., Ltd, 
trolling this motor is mounted on Fig. 2. Variable frequency converters installed in a large steelworks supplying 


low-frequency roller motors. 


the supply to the roller motors is varied automatically with 
any alteration in the speed of the mill motor. The speed 
of the roller motors, therefore, varies automatically with 
the rolling speed. 


paratively rough preparation of the surface does not 
prevent the fine-grained macrostructure from being clearly 
seen after etching. 

The chief difficulties to be overcome in macro-etching 
magnesium alloys are those of avoiding the pitting and 
staining which so easily occur and which are so effective in 
masking the structure. In the present work, it was soon 
found that solutions of mildly acid or alkaline charac- 
teristics gave the most promising results, and, at first, 
much attention was paid to solutions based on borax. 
These were found to be reasonably satisfactory for etching 
longitudinal sections of forgings, but not so good for trans- 
verse sections. Ultimately, however, alkaline solutions 
were abandoned in favour of those of an acid type, and the 
following reagent was chosen : 

Sodium acid phosphate (NaH,PO,H,O) .. 24 grm. 
Potassium ferricyanide .................. 4grm. 


In making up this solution it is not essential to use 
distilled water. 

In some cases satisfactory results may be obtained by 
omitting the potassium ferricyanide. It is believed, how- 
ever, that the latter does effect an improvement in that it 
increases contrast and also seems to reduce the roughness 
of the etched surface. The solution is used cold and kept 
well stirred. The time of etching may vary from 40 
minutes to two hours, but it should, in any case, be as short 
as possible. 

Owing to the small scale of the macrostructure and the 
absence of strong contrasts, photographs of complete 
sections may convey little information. Transverse 
sections are particularly difficult to deal with in this 
respect, and there seems to be no doubt that the macro- 
structure of magnesium-alloy forgings is best studied under 
a low-power lens. 
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Electrolytic Corrosion of Ship Structures 
By Dr. J. H. Paterson 


The problems arising from the rusting and corrosion of iron and steel are serious and of 
considerable economic importance. Especially is this true of ship structures and a 
fuller knowledge of the causes of the phenomena is of great value in divising preventative 
measures. The subject is discussed by Dr. Paterson in a recent paper to the Institution 
of Engineers and Shipbuilders in Scotland in which he presents the theoretical side of 
rusting and corrosion of iron and steel in a simple yet understanding manner. He 
discusses the effect of air and water on steel, surface films, localised corrosion, dissimilar 
metals in contact, similar metals of different composition, the susceptibility to corrosion 
of steel in a condition of strain, notch corrosion the effect of stray electric currents and 
briefly refers to protective media. In view of the small amount of literature dealing 
specially with corrosion of ship structures this paper will be of interest. 


USTING of iron and steel may be defined as the 
R deterioration of these metals due to chemical action 

on them of the surrounding media—generally air 
or water, or both. The products of the corrosion of iron 
are normally two oxides of iron, namely, ferrous hydroxide, 
which is black or green, and ferric hydroxide, which is 
red. The mixture of these oxides, known as iron rust, 
usually contains small quantities of other materials such 
as carbon, lime, magnesia, silica and sulphur, when the 
rust is formed in contaminated air or in impure waters. 
Before dealing with the phenomena of corrosion, it is 
necessary to explain the title of this paper by pointing out 
that modern theories for these phenomena assume that 
the actuating forces behind the chemical reactions involved 
are electro-chemical, and that the existence of electrical 
potential varying in magnitude with the metal and the 
surrounding medium, is essential. 

In determining how this electrical potential is produced 
and how the various rusting reactions are maintained, the 
following facts, the result of test and observation, must be 
borne in mind :— 

1. Rust formation requires both water and oxygen ; 
that is, if rusting takes place in air the air must contain 
at least traces of water, and if the metal is under water 
the water must contain some oxygen dissolved in it. 
As all natural waters contain oxygen in solution, rust 
will thus invariably take place when the metal is sub- 
merged. 

2. Rusting is more rapid in acids than in neutral 
atmospheres or solutions, and is least rapid in alkaline 
solutions. 

3. Films of solid or gas are usually formed on the 
surface of the metal, and if they are adherent enough 
they act as a deterrent to further rusting. 

4. If the above protective films or any other pro- 
tecting medium, such as paint, are removed locally by 
scratching or rubbing. the localised corrosion which 
takes place will generally be much more rapid than the 
rate of rusting which would take place if the whole 
surface were exposed to attack. 

5. Local dissimilarities in the composition of iron and 
steel, or iron in contact with other metals, will set up 
a local corrosion. Local strains in the iron will also have 
a similar effect in setting up local corrosion. 

The above are the known facts and require some ampli- 
fication before their applications to shipbuilding practice 
are dealt with. 


Rusting and Corrosion in Air 


Iron exposed to pure moist air rapidly acquires a thin 
and adherent coating of iron oxides which serve as a 
protection against further chemical action. This film 
unfortunately is mechanically weak and cannot be relied 
on as a permanent protection, however pure the air may 
be. If, however, the air contains acid substances such as 
sulphur dioxide, rusting takes places at a much higher 
rate, and if particles of dust, particularly carbon or soot, 
and many other chemical substances derived from the 


soil or from burning coal, are present, the rate of rusting is 
accelerated to an even greater extent. 


Under-Water Rusting and Corrosion 


Rusting can take place, as is well known, when the 
metal is wholly or partly submerged in water just as in 
air. The basic phenomena are very similar, but it is easier 
in explaining marine corrosion to deal with under-water 
corrosion only. For this reason the elementary theories 
to be put forward assume that the metal is surrounded by 
water having various salts and gases dissolved in it. 

When a piece of iron is placed in water or in a salt 
solution, particles of iron with a positive charge (iron ions) 
tend to go into solution, the iron thus acquiring a negative 
charge. As, however, the solution must remain electrically 
neutral some other positive ion must come out of the 
solution before this can happen. Now the water molecules 
H.O.H. each contain one positive H ion and one negative 
OH ion, so that if the water were to split up in part and 
the positive H ions were to be freed, similar positive ions 
could go into the solution. This is what actually happens, 
and when a piece of iron is placed in water a minute amount 
goes into the solution and a similar amount of hydrogen is 
liberated. This hydrogen forms a closely adhering film 
on the surface which very soon obstructs the further 
passage of the ion into the solution to such an extent as 
to stop the reaction altogether. If rusting is to take place 
then, this film of hydrogen must be removed not only in 
the first instance, but all the time the corrosion is taking 
place. This is done by the oxygen dissolved in the water, 
and as long as the supply of oxygen is available the hydro- 
gen film will continue to be destroyed and electrical forces 
will continue to drive iron ions into solution. Some of 
these iron ions are converted by the water into rust, a 
part of which will adhere to the metal surface, and a part 
will float away and be lost altogether. 

All sea water contains common salt (sodium chloride) 
and usually smaller quantities of other chlorides in solution, 


TABLE I. 
The Relationship between Hydrogen and Hydroxide-ion 
Concentration and pH. 
Concentration of Hydrogen 
and Hydroxide ions gm. pH 


Nature of Solution equivalent per litre value 
Acid (hydrogen ions predominate) — 1.0 0 
0.1 1 
0.01 2 
0.001 Hydrogen ions(H+) 3 
0.0001 4 
0.00001 5 
0.000001 6 
Neutral (hydrogen and hydro- Hydrogen (H+) and 7 


oxide ions present in equal  0.0000001 Hydroxide (OH—) 


quantity) ions 
Alkaline (hydroxide ions pre- 0.000001 8 
dominate) 0.00001 9 
0.0001 10 
0.001 Hydroxide ions 11 
0.01 12 
0.1 13 
10 14 
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These salts help greatly in the transfer of the iron particles 
above referred to, with the result that in salt water these 
reactions take place more readily than in fresh water. 


The Effect of Dissolved Substances 


Some substances, notably acids, tend to increase the 
supply of hydrogen ions that are available in the water 
for immediate discharge, in return for iron ions from the 
metal. Other substances, notably alkaline materials such 
as soda and potash, have the reverse effect by increasing 
the number of negative OH ions. The concentration of 
hydrogen ions is expressed by what is known as the * pH 
value,” and as this concentration value is of growing 
importance and is very little understood by the layman, 
a short explanation is given here to help in understanding it. 
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Fig. 1. Effect of Hydrogen ion concentration on the 


corrosion of steel. 


Pure water is very slightly dissociated or decomposed 
into hydrogen ions and hydroxide ions. The product of 
these two quantities is always a constant in water or in 
any aqueous solution, and the value of that constant is 
approximately 10 at room temperature. Hence, if the 
concentration of the hydrogen ions is 10 equivalent per 
liter, then the concentration of the hydroxide ions is 
10'*. The acid of solutions are due entirely to hydrogen 
ions and the alkaline properties to the hydroxide ions. 
When these ions are present in equal amounts, the concen- 
tration of each is 107 and the solution is neutral. 

This would be the case in pure water. Acid solutions are 
those which have a concentration of hydrogen ions greater 
than 10-7, Alkaline solutions are those with hydroxide-ion 
concentrations greater than 107, For convenience, this is 
expressed as the log of | hydrogen-ion concentration, 
which is given the symbol pH. Thus pure neutral water 
has a pH of 7; acids, a pH value of less than 7; and 
alkalies a pH of more than 7. The relationshop between 
hydrogen-ion and hydroxide-ion concentration and pH is 
shown in Table I, 

Fig. | shows the relative effect of pH value on the 
corrosion of steel in water free from salts or impurity which 
may form protective coatings. It is evident that this 
diagram can be divided into taree zones each with a 
different range of pH. The prince pal factors which govern 
the rate of corrosion within each of these three zones is 
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This question of the pH value of water is of the greatest 
importance, as most fitting-out basins are in or near rivers 
which usually contain dissolved materials foreign to normal 
water supplies. Sewage, for instance, may at certain stages 
of its decomposition have a pH value of less than 4-5, and 
it is obvious that if any part of a ship’s hull is unprotected, 
either through scratching or defective painting, it will be 
the subject of rapid corrosion partly due to the acid water 
and partly due to the accelerated effects of local exposure. 
It is interesting to note that in at least one case investigated 
by the author the pH value of running water in the stream 
was about 7, whereas the same water on standing for 
48 hrs. developed a pH value of somewhere in the neigh- 
bourhood of 3-9. This still water effect was produced by 
the angle at which the ship was lying to the shore, there 
being on the inner side of the ship an area free from eddies, 


Io oo27 £iving it virtually the effect of a still pool. These readings 


were taken during an investigation into the abnormal 
corrosion of rivet heads in the rudder plates of a new 
ship, and the corrosion was stopped by turning the ship 
round so that the stern was facing up-stream instead of 
the bow, and bringing the ship more nearly parallel with 
the jetty so that no places in which water could stand for 
any length of time were possible. This is probably an 
extreme case, but it illustrates the value of knowing 
something about the pH values of water in which un- 
protected or partly protected ships’ hulls are floating. 

The occurrence of strong mineral acids in water, such as 
sulphuric acid and hydrochloric acid, may not be common, 
but it has occasionally happened that these acids get 
into the bilges of ships and the effects are worth noting, as 
though the local corrosion is of a much more violent 
nature, it is typical of the ordinary types of corrosion 
which takes place more slowly. 

Corrosion of this nature occurred in the early part of 
the last war when two ships, the Norkilda and the Querida, 
which were carrying strong sulphuric acid in steel drums 
from the United States. A large number of these drums 
were damaged owing to faulty stowage, and both ships 
arrived in the Thames with large quantities of free sulphuric 
acid floating about in them. The fact that this sulphuric 
acid aiso contained traces of nitric acid and that it was 
diluted with salt water made it into a most violent corrosion 
medium, probably quite without precedent in the history 
of steel shipbuilding. The bilge pumps on both ships were 
completely useless, the packings having been eaten out, 
and the attack on the ships’ hulls was so violent that the 
fizzing noise produced by the escape of hydrogen could be 
heard at almost any part of the ship. Owing to the prompti- 
tude with which the trouble was dealt with both ships 
were saved without serious damage ; except than where the 
acid had been, practically all the rivet heads had been 
eaten away. Here and there the edges of the angle bars 
had been attacked, and in some parts of the structure 
that had been subjected to cold bending there were signs 
of pitting along the parts which had been strained during 
the bending. Both ships, however, were completely 
reconditioned without difficulty. ' 

Some sulphur-bearing materials, such as coal containing 
iron pyrites (iron sulphide) and fuel oil containing sulphur, 
can have the sulphur under suitable conditions oxidised to 
sulphuric acid. These conditions are generally supplied by 
the presence of moisture and the free access of air. The 
sulphuric acid thus developed, though it may be only 
small in quantity, results in the development on the plates 
of local spots having a pH value well within the danger 
area. Unless there is suitable protection for the plates, 
local and rapid corrosion will take place. Owing to the 
greater rapidity of oxidation of sulphur to sulphuric acid, 


shown below :— ships trading in hot climates are more liable to this form 
Alkaline Zone Neutral Zone Acid Zone of attack than ships trading in more temperate climates. 
(pu greater than 10) (pul from 4-3 to (pH less than 
Corrosion slow Corrosion medium Corrosion rapid Py 
Protective filmes Oxygen concentration Hydroge > Surface Films 
of m of metal As already explained, the formation of surface films can 
Hydrogen-ion  coneen tration Oxyven concentration act as a strong protective agent against either rusting or 
tration Composition of metal Protective films . 


Metal-ien concentration 


Metal-ion concentration 


corrosion, but where there is some force or agent present 
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that will remove these films as fast as they are formed, 
the rate of corrosion is always greatly accelerated. There 
is no doubt that experiments conducted under laboratory 
conditions in still air or still water do not have a very 
direct connection with what may happen in service where 
the normal protecting films are washed away as fast as 
they are formed. 
Localised Corrosion 


It has already been pointed out that when a piece of 
iron is placed in water it tends to take a negative charge 
and a voltage difference is set up between the metal surface 
and between its ions in the solution. Under standard 
conditions a voltage can be determined for each metal, 
and what is known as the “ single pole potential ” for each 
metal measured. If hydrogen is taken arbitrarily as zero, 
the metals can be piaced in a definite order called “ the 
electro-chemical series,’ each metal displacing from a 
solution those below it. This is not strictly true in practice 
but is good enough for general purposes, and the Table IT 
shows the single-pole potentials for some common metals. 


TABLE Il. 
Potential 

Element Reference ion in Volts. 
Ni++ —0.23, 
Fe+++ — 0.045 
Cut +0.522 


In practice this means that if a metal at the top of the 
series were in contact with one nearer the bottom, the top 
metal would tend to corrode, and in doing so protect the 
one below it in the series. If, for instance, zine and iron 
were in contact in a wet medium, the zinc would tend to 
corrode, while the iron would show no signs of corrosion. 
If, however, iron and copper were in contact the iron would 
corrode and protect the copper. It follows, therefore, 
that when dissimilar metals are in contact and moisture 
and oxygen are present there is a grave danger of corrosion 
at and about the points of contact of the two metals, the 
damage always being done to the metal which is the more 
negative of the two. The well-known practice of putting 
zine protecting rings between bronze or copper outlets and 
the steel hull of a ship is a good example of this type of 
“ protection.” Zine is more negative than either of the 
other two metals, and as a result it will itself be gradually 
corroded away but will protect both the iron and the 
copper from serious attack. The use of zinc pads on steel 
frames and other parts of a ship in which bronze propellers 
are used is another example of the same kind of protection, 
although it seems much more likely that the zine pad in 
this instance is of more value in decreasing local corrosion 
due to the propeller wash than to the fact that a bronze 
propeller has been fitted. 


Dissimilar Metals in Contact 

At this point it is necessary to deal with another phase of 
the electro-chemical phenomena which enter into corrosion. 
If two dissimilar metals such as iron and copper are placed 
in contact with one another under a conducting solution 
such as impure or salt water, a small electrolytic cell or 
battery will be formed, the system being equivalent to 
passing an electric current through the solution by connec- 
ting the iron or more negative element with the positive 
pole of the battery and the copper with the negative pole 
of the battery. As soon as current begins to flow the pH 
value of the layer of water over the iron falls to a low 
figure and comes well within the area on the pH curve in 
which rapid attack will take place. The result is that 
the iron is dissolved, and if the solution contains salt, as 
is the case with salt water, a soluble iron chloride will be 
formed which will float away and leave a clean unprotected 
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surface always ready for a fresh attack. This is what is 
known as “ electrolytic corrosion’ and it is in one way 
or the other largely responsible for a great deal of the 
pitting that occurs in ships’ plates. Instead of copper any 
material that is more electro-positive than iron will have 
exactly the same effect. Among these materials un- 
fortunately, mill scale or magnetic iron oxide must take 
its place. Although mill scale is not a metal it acts like 
a metal that is more electro-positive than iron, and where 
a particle of mill scale is in close contact with iron and has 
free access to sea water a small area over the iron will be 
formed with a low pH value and with a resulting rapid 
attack. A completely adherent coating of mill scale would 
be an effective protector, but unfortunately it is a brittle 
material which is easily broken up by shock or by bending, 
and obviously imperfect coverings of this substance are 
much more dangerous than a surface perfectly free from 
the scale. The only known remedy for this trouble is the 
complete remova! of the scale by pickling or sand-blasting, 
although, of course, ordinary weathering conditions do 
remove a large bulk of it. 


Similar Metals of Different Composition 

So far only metals or materials of widely differing 
composition have been dealt with, but research workers 
have shown that a variation in the composition of iron 
and steel within the same body of the metal can set up 
differences of potential when it is immersed in water. 
Thus it has been found that in a badly segregated steel, 
that is, one in which the carbon content is not evenly 
distributed throughout the metal, the higher carbon areas 
will be anodic* to the lower carbon areas. This means 
that over the higher carbon areas the water solution will 
have a lower pH value, and hence corrosion will take 
place more rapidly at these points. This has been well 
exemplified in the case of the well-known corrosive attack 
on the points of rivets made from rimmed steel, although 
other factors, as will be seen later, also have an effect. 


Steel in a Condition of Strain 

It has also been shown that steel which has been sub- 
jected to stress and is in a condition of strain, is anodic 
to less strained steel alongside it. This means that plates 
which have been subjected to cold bending and are under 
water in an unprotected condition are liable to have an 
area of low pH value along the lines of maximum strain. 
Similarly, rivets which have been closed at a low enough 
temperature to retain strain will be anodic to the plates 
surrounding them, and will also be the centres of areas 
of low pH value. Although it is not fully proved, it appears 
quite certain that the higher the carbon content of the 
steel and therefore the greater the strain it retains under 
cold working conditions, the greater will be the difference 
in potential between the strained and unstrained portions, 
This means that in a badly segregated steel that has been 
subjected to cold working, there may be differences of 
potential between the areas having different compositions, 
in addition to the potential differences set up by these 
composition differences. When it is remembered that if 
this is true mild steel plates which have been sheared, 
punched, cold bent, or hammered have areas of potertial 
corrosion at these points, it is not surprising that wrought 
iron plates which have undergone similar treatment do 
not show anything like the same deterioration due to 
local corrosion in service. 

The author is well aware of the fact that many theories 
have been put forward explaining the superior corrosion 
resistance of some kinds of wrought iron, based either on 
the large amount of slag they contain or upon an extremely 
adherent and thin layer of iron oxide or slag, but it is 
quite certain that the large amount of cold work which is 
to-day done on a higher carbon steel, as compared with 
the older methods of construction, is responsible for the 
greater amounts of localised corrosion which is now found 
in badly protected ships’ structures 


® In an electrolytic cell cr a battery, the positive pole is the anode and the 
negative the cathode. 
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Notch Corrosion 


This is a special form of corrosion which can, however, 
play a very important part in the deterioration of ships’ 
structures, and it requires a somewhat extended explanation 
as the mechanism of this form of corrosion differs con- 
siderably from those already dealt with. 

It has been pointed out that oxygen is a necessity for 
the rusting of iron and steel when under water, and it has 
been assumed all along that the concentration of oxygen 
in solution in the water has been quite constant over the 
surfaces in contact, so that the rates of corrosion are fairly 
uniform. It was found some years ago, however, that if 
for any reason the oxygen concentration in the solution 
varied in different places, a difference of potential was set 
up in the steel between the high concentration spots and 
the low concentration spots. Dr. U. R. Evans in a series 
of experiments on oxygen in solution, showed that areas 
which are shielded from oxygen in any way become anodic 
to the areas which are in contact with solutions richer in 
oxygen. If this is so, then obviously these anodic areas 
will be, under suitable conditions, the subject of more or 
less rapid corrosive attack. In his report Dr. Evans 
arrives at the following conclusions :— 

1. The effect of restricting the access of oxygen to 
one part is not to increase the total corrosion of the 
specimen (at least during the early stages of corrosion), 
but to concentrate on the non-aerated area the corrosion 
which would otherwise be spread over the whole surface. 

2. Suppose .. . that a small cavity exists in the surface 
of the metal into which oxygen cannot diffuse quickly. 
A current will be produced between the unaerated area 
within the cavity, which wiil become anodic, and the 
aerated part of the surface outside, which will be the 
cathode ; soluble salt will be formed at the anodic 
surface within the cavity, but this will not, of course, 
interfere with further anodic attack. At the mouth of 
the cavity where the soluble metallic salt from the 
interior mixes with the alkali from the cathodic part 
outside, hydroxide may be precipitated, but it will not 
put a stop to the anodic attack proceeding within. 
Since the rate of attack is determined by the supply of 
oxygen to the whole surface outside the pit, and since 
it is all concentrated on the small area within the pit, 
the rate at which the corrosion bores into the metal 
will be very great, 

A notch, of course, may be almost any part of a structure 
into which the surrounding water cannot penetrate quickly 
and in which it remains perfectly still. Very imperfectly 
caulked laps between plates are a good example and 
improperly filled junctions between plates and angle bars 
are another. Under these conditions local corrosion will 
take place in these partly closed areas and at a much 
greater rate than would be the case on a fully exposed 
surface; in fact, as already stated, notch corrosion is a 
very important factor in the deterioration of under water 
structures, 

Stray Electric Currents 

A great deal has been written about the effect of electric 
current leakage on the corrosion of iron and steel structures 
when in contact with water or moist earth. It is not 
possible within the limits imposed to deal with this subject 
in anything like the detail which it deserves, but one or 
two simple points are put forward to help in understanding 
the matter. 

Leakage usually occurs by the passage of current from 
a badly insulated conductor at a high potential to one at 
a lower potential, and if these two conductors are under 
water it will be obvious that an electric cell is formed, and 
the conductor, which is acting as the positive pole or anode, 
will be the subject of rapid corrosion in a medium such 
as salt water. If, for instance, a ship afloat was being 


lighted from the shore from a D.C. lighting plant, it could 
be done by carrying one cable from the dynamo to one 
terminal of the lamps, and then connecting the other 
terminal of each lamp to the ship's hull, the current then 
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returning to the dynamo via the surrounding water and 
finally, via the earthing system, to the dynamo supplying 
the current. If the main lighting cable were connected to 
the positive pole of the dynamo, the whole ship would 
become one large anode and rapid corrosion could be ex- 
pected at any point of the hull which was unprotected by 
paint or some similar medium. 


Protective Media 

It is quite obvious that if a complete steel structure is 
coated with a protective medium in such a way that 
oxygen and moisture cannot get to it, rusting and corrosion 
can be prevented, and it will be recognised that in view 
of the large number of possible causes for the production 
of the right corrosive conditions, protective media are in 
the end the only satisfactory solution of the whole problem. 
Here again, however, there is still a good deal of controversy 
as to the way in which these media should act, and there 
are no settled convictions as to the superiority of one 
method over another. Obviously galvanising of steelwork 
is an enormous help in the right direction. As already 
explained, zinc not only forms a protective coating over 
steel, but where breakage occurs on the zine surface, it 
still acts as a protective medium and prevents the corrosion 
of the exposed steel surface. For ordinary purposes, 
however, this is much too expensive and we still have to 
rely on liquid mixtures such as paints and bitumen solutions. 
In his recent book Dr. Hudson* suggests that special 
investigations should be made into the properties of the 
various protective compositions by appropriate research 
bodies, and there is no doubt that a great deal of work 
could be usefully done in correlating the knowledge already 
obtained. The only points that can be brought out here 
are :— 

1. Any protective medium must be impervious to 
moisture and to oxygen as otherwise rusting can take 
place under the protective coat. 

2. The solid fillers contained in most protective media 
must not be capable of attack from any external source, 
as otherwise the continuity of the protective surface 
may be destroyed and corrosion will go on, as though 
the medium were not present. 

It has been found on several occasions, for instance, 
that when lime compounds have been used as fillers in 
tank top compositions, liquid condensates from the cargo 
or from the coal bunkers have been slightly acid in character 
and the composition has gradually deteriorated and 
allowed corrosion to take place underneath it. 


In conclusion, it should be pointed out that this paper 
has been written more with a view to opening up the 
whole subject of corrosion in ship structures and not with 
a view to producing extensive theories on special causes 
of corrosion which have been known to take place from 
time to time. There is a need for more special research 
and for a great deal of exchange of views on this extremely 
important subject. 


> The Corrosion of Iron and Steel, by Dr. J.C. Hudson, published by Chapman 
and Hall, Ltd. 
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Business Notes and News 


Ceralumin Casting Ingots 

Many readers will be familiar with the excellent properties 
of the aluminium alloys containing cerium developed by 
Messrs. J. Stone and Co. Ltd., of Deptford, London. This 
group of alloys is covered by Air Ministry specifications 
DTD 250, DTD 255, and DTD 287, and are marketed under 
the trade name *“ Ceralumin.”” We have been informed that 
John Dale Metal Containers Ltd., Brunswick Park Road, 
New Southgate, London, N. 11, have been appointed exclusive 
licencees for the manufacture, sales and distribution of 
Ceralumin casting ingots which embrace all the alloys in the 
group. Full information regarding these alloys can be 
obtained from the latter company whose works have been 
extended and re-equipped to deal with additional output. 


New Hydro-Electric Power Station in Altai 
Mountains 


Work has been commenced on the construction of a hydro- 
electric power station of 240,000 kw. capacity on the Irtysh 
River, six miles from the town of Ust-Kamenogorsk in Eastern 
Kazakhstan. Designed to generate 1,300 million kilowatt- 
hours of electric energy a year, this new station will be 
situated in the heart of the Altai Mountains, and will supply 
power to the existing industries on the upper reaches of the 
Irtysh River, as well as make possible the building of new 
factories and mills. 

The new power station will stimulate the development of 
the non-ferrous metals industry, as the Altai mountains 
contain nearly half of the known resources of lead and zine 
in the U.S.S.R., as well as big deposits of copper, sulphur, 
barites, gold and other minerals. It will also facilitate the 
development of the chemical industry and other industries 
which require a big supply of electric energy. 

The construction of the Ust-Kamenogorsk electric power 
station will involve the building of a concrete dam, 846} ft. 
long and 177 ft. wide, across the-Irtysh River, which will form 
a head of 131 ft. In order to utilise the waters of the Irtysh, 
a reservoir will be built at Lake Zaisan, 292 miles from Ust- 
Kamenogorsk. Earthworks three miles long will dam this 
lake, forming a reservoir to hold 353 million cubie feet of 
water. Sluices and a navigation canal will be constructed to 
provide uninterrupted navigation in the river. 


Copper Production in Canada 


The production figures for copper indicate that during 
1939 Canada recorded her greatest ever, amounting to 
608,101,714 Ib., an increase of 6-5°%, during the year. The 
two nickel-copper mining companies in Ontario contributed 
54°, of the total. The major part of the copper produced by 
the International Nickel Company Limited, is refined in the 
Company's plant at Copper Cliff, the remainder being exported 
in the form of matte. Copper in matte exported by the 
Falconbridge Nickel Mines Limited, is, however, refined in 
Norway. Noranda Mines Limited, is the largest producer in 
Quebec, having its smelter at Noranda, P.Q., and a large 
interest in a copper refinery at Montreal East. Ores produced 
by Waite-Amulet Mines Limited, in which concern the Noranda 
Company has a controlling interest, are also treated at the 
Noranda smelter, but concentrates produced by the Aldermac 
Mines Limited, were last year sent to the United States for 
treatment. The Normetal Mining Corporation Limited 
operated continuously during the year and sent concentrates 
to Noranda for smelting. The Flin Flon and Sherritt-Gordon 
mines were responsible for the output in Manitoba and 
Saskatchewan, all of these ores being smelted at Flin Flon, 
Manitoba, by the Hudson Bay Mining and Smelting Company 
Limited. 

Production in British Columbia is principally at the 
Britannia mine on Howe Sound and at the Copper Mountain 
mine of the Granby Consolidated Mining, Smelting and Power 
Company. Concentrates from these two properties are 
exported for treatment, and there is an exportation of copper 
matte, made by the Consolidated Mining and Smelting 
Company Limited, at their Trail smelter. Some copper was 
contained in concentrates shipped from the radium property 
of Eldorado Gold Mines Limited, at Great Bear Lake, North- 
west Territoties, and there was a production at the Stirling 
mine in Nova Scotia. 
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New Blast and Open-Hearth Furnaces in 
Russia 


Two new blast furnaces, each having a volume of 38,850 cu. 
ft., at present in course of construction in the Urals, will be 
put into operation this year at the Novo-Tagil Metallurgical 
Works. At the Azovstal Works in Mariupol (Ukraine) it is 
intended to put into operation a blast furnace of a volume of 
45,900 cu. ft.. while a blast furnace of similar capacity will 
be started at the Zaporozhstal Works, also in the Ukraine. 
The Kuibyohev Works in Kramatorsk will also start another 
blast furnace. 

Three open-hearth furnaces will be put into operation at 
the Novo-Tagil Works, each capable of producing more than 
100,000 tons of steel a year. Two new open-hearth furnaces, 
each of a yearly capacity of 165,000 tons, are being put into 
operation at the Magnitogorsk Combine. Two open-hearth 
furnaces will be started at the Zaporozhstal Works, two at 
the Petrovsk-Zabaikal Works and two at the Amurstal Works 
at Komsomilsk-on-Amur. In addition, new open-hearth 
furnaces will be put into operation at the Kirov Works in 
Makeyevka, at the Azovstal Works, and at the Krasny 
Oktyabr Works in Stalingrad. 


British Aluminium Report Increased 
Profits 


Records for the year 1939, both as regards production and 
volume of sales, were reported by Mr. R. H. Cooper, M.C., 
Chairman of the British Aluminium Co. Ltd., at the recent 
general meeting of the Company held in London. The total 
profit at £1,075,796 was £165,945 higher than in 1938. The 
aggregate production at the Company’s older works was 
higher, but the largest increase was at the Lochaber works 
and the Company still has a materially greater output to 
look forward to from this source. Extensions at the Company’s 
various works, which were in progress a year ago, were 
completed and further substantial additions are now in 
progress. Work has commenced on the construction of the 
last stage of the Lochaber scheme. 

In the course of his address Mr. Cooper said: ‘* The out- 
break of war necessitated the removal of the Company's 
headquarters from London, for the time being, and products 
came under the control of the Ministry of Supply. Orders 
and contracts on the books for commercial uses of aluminium 
in this country and for export business, were obliged to be 
eancelled. No sale or delivery could be made without ‘the 
express authority of the Ministry. Later, the Ministry made 
arrangements with the Company, under which they purchase 
the whole of the production of ingot aluminium and undertake 
its sale and distribution. This contract extends to the end 
of 1940 and is subject to renewal, the prices being based on 
those current in this country before the war. 


Technical Information and Advice in 
Working Aluminium 

Owing to war contracts many engineering concerns find 
themselves engaged on work far removed from their normal 
production. This is revealed by the Technical Advisory 
Service of the Northern Aluminium Co. Ltd., at Banbury. 
Under the system of sub-contracts, for instance, the: number 
of firms engaged in the working and fabrication of aluminium 
and its many alloys shows a vast increase. They range from 
cycle manufacturers to makers of vacuum cleaners, refrigera- 
tors and a host of domestic and other appliances. To many 
of these the work is entirely new. Others have had some 
experience of it, but a limited experience. It is to these no 
less than to those normally engaged in light-alloy work that 
the Technical Advisory Service offers expert advice, free of 
charge, on all problems concerned with the working and 
treatment of aluminium and its alloys. 

Provided that authoritative advice is sought no metal 
working firm of standing need fear embarking on the manipu- 
lation of light alloys. The Technical Advisory Service has 
at its disposal considerable resources in the way of knowledge 
concerning and experience in working a range of products 
which embraces materials for all purposes for which light 
alloys are suitable. Its advice has already been sought on a 
variety of intricate problems concerned with casting and 
foundry technique, die design and die-casting procedure, 
heat treatment, forging and stamping, machining, jointing 
and protection from corrosion, 
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ALUMINIUM. GUN METAL. 
£110 0 *Admiralty Gunmetal Ingots 
ANTIMONY. *Commercial Ingots ....... 76 0 0 
£106 0 *Gunmetal Bars, Tank brand, 
Foreign 8 0 0 lin. dia, and upwards— 
01 ii 
BRASS. 0 1 33 
Solid Drawn Tubes ....... Ib, £0 1 Ih 
Rods Drawn ...........+- » MANUFACTURED IRON. 
és 0 10} Reotlend 
*E ded B 0 0 7 Scotiand— 
COPPER. 
Standard Cash £61 10 0 Bars ll 17 6 
Best 61 10 0 
Tough... 5 0 Crown Bars 12 17 6 
Shoots. 96 10 0 13 11 0 
Solid Drawn Tubes ....... ib O 1 3 Marked Bars ............. 1515 0 
Brazed ” 0 2} Unmarked Bars ........... 
Nut and Bolt Bars ........ 
FERRO ALLOYS. 14 5 0 
tTungsten Metal Powder, 8S. Yorks.— 
Ib, £0 5 25 11 17 6 
{Ferro Tungsten ° nominal ,, 05 1 1412 6 
Ferro Molybdenum® ... 0 6 0 
Ferro Chrome, 60-70%, Chr. 
Basis 60% Chr. 2-ton PHOSPHOR BRONZE. 
lots or up. 
2-4% Carbon, scale 15 *Bars, “‘ Tank ’’ brand, 1 in. 
ton 45 5 O dia, and upwards—chill 
6% Carbon, seale 12/6 Wik Ib £0 1 1} 
= 6 8% Carbon, seale 12/6 tStri DP 0 1 1} 
39 10 tSheet to 10 W.G. ......... 1 i} 
4 | 8-10% Carbon, scale 12/6 1 3} 
\ per o 10 ” 0 1 1} 
§Ferro Chrome, Specially Re- 01 9 
pieces for Crucible Steel- +10% Phos. Cop. £30 above B.S. 
work. Quantities of 1 ton 15% Phos. Cop. £35 above B.S. 
or over. Basis 60°, Ch. +Phos. Tin (5%) £30 above English Ingots. 
Guar, max. 2°, Carbon, 
scale 18/6 per unit 
Guar. max, 1%, Carbon, PIG IRON. 
scale 20/— per unit .... ,, 70 0 Scotland— 
§Guar, max, 0-5%, Carbon, Hematite M/Nos. ......... £6 7 6 
scale per unit .. «0 Te. 515 0 
tManganese Metal 97-98% 512 6 
Ib. 1/54 to 1/9 N.E. Coast 
tMetallic Chromium ....... , 3/2}to 3/74 Hematite No. 1 .......... 6 7 6 
§Ferro-Vanadium 50-55%, .. ,, 015 6 514 0 
§Spiegel, 18-20% ......... ton 13. 2 6 511 0 
Ferro Silicon 510 0 
Basis 10°, scale 3 Silicon Tron. 
per unit nominal ..... ton 15 0 0 -- 
20 /30°, basis scale Midlands 
3/6 poe unit ..scccces » 1710 0 N. Staffs. Forge No. 4 ..... 5 12 0 
45/50°%, basis scale Foundry No.3... 513 0 
5 wee Northants 
70 /80°, basis scale 510 6 
7/— per unit ........ 29 10 O 
90 /95°,, basis 90°, scale 5 10 6 
10/— per unit ....... » 4 0 0 Derbyshire Forge............ 512 0 
§Silico Manganese 65/75°, Foundry No. 1.... 5 16 0 
Mn, basis 65% Mn ..... 26 0 «0 - Foundry No. 3.... 513 0 
§Ferro - Carbon Titanium, West Coast Hematite ....... 6 7 6 
b 0 0 7) East 6 7 6 
Ferro Phosphorus, 20-25%, ton 35 0 0 
$Forro-Molybdenum, Molyte ib. 0 6 O 
§Calcium Molybdate ....... » 05 9 SWEDISH CHARCOAL IRON 
FUELS. | AND STEEL. 
Foundry Coke Pig Iron 
£2 0 Single welded acid steel 
117 6 billets, -50% C and up .. Kr. 410 
117 Acid steel wire rods, «50°, C 
Furnace Coke Kr. 470 to 540 
a ae 190 Rolled charcoal iron bars Kr. 510 
19 0 All Swedish Kronor per British ton f.o.b. 


* McKechnie Brothers, Ltd., April 11. 


§ Prices ex warehouse, April 11. 


+ C. Clifford & Sons, Ltd., April 11. 


SCRAP METAL. 


Copper, £56 
53 
55 

Seances 47 

72 

10 

Aluminium Cuttings ......... 72 

en ll 

Heavy Steel— 

3 
3 

Cast Iron— 

4 
4 
4 

Steel Turnings— 
2 
2 

Cast Iron Borings— 

2 
SPELTER. 

26 

26 

16 

STEEL. 

Ship, Bridge and Tank Plates— 
£12 
North-East Coast ......... 12 

Boiler Plates (Land) Scotland 13 
» (Marine) 

» (Land) N.E. Coast 13 
(Marine) ,, 

Angles, Scotland ............ 12 
BS North-East Coast .... 12 

12 

ll 

15 

13 

Sheftield— 

Siemens Acid Billets ....... 12 
14 

Manchester— 

14 

Scotland, Sheets 24 B.G. 17 


"HIGH-SPEED TOOL STEEL. 


Finished Bars 14% Tung- 


Ib. £0 
Finished Bars 18% Tung- 

0 
Extras 
Round and Squares, }$ in. 

Under Jin. to ..... 0 
Round and Squares, 3in. . ,, 0 
Flats under lin. x jin. .. ,, 0 

Sim. X Fim. 0 
TIN. 
252 
Tin Plates I.C. 20 x 14 
£1 
ZINC. 
Zinc Boiler Plates............ 37 
LEAD. 
£25 
25 


oo 


~ Murex Limited., April 11. 
Subject to Market fluctuations. Buyers are advised to send inquiries for current prices when about to place order. 
“| The prices fluctuate with the price of Tungsten. 


0 
10 


202 ApriL, 1940 
10 
10 
10 
0 
‘ 0 
0 
0 
10 
15 
13 
13 
ll 
5 
10 
12 
: 5 
5 
5 
15 
10 
10 
10 
13 
13 
13 
10 
10 
il 
10 
3 
5 
5 0 
12 0 
2 6 
2 6 
0 
0 
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@ they give a better finish than dies in any other material 
@ they last longer than dies of the zinc-lead type 

@ they are exceptionally easy to handle 

@ they can be machined and dressed with remarkable speed 
@ they can be melted down and used again 


AST “Elektron” dies for drop-hammers and presses 
have been successfully adopted by many industries, their 
use effecting remarkable economies in 
time and expenditure. The ease and 
speed with which they can be machined 
—apart from other advantages in fabrica- 
tion—alone suffice to save the extra cost 
of the raw material, while the quality of 
the pressings produced from “Elektron” 
dies provides a major incentive to a 
change-over to these home-produced 
alloys. 
Further details and full co-operation 
in the design and construction of “Elektron” dies will 


gladly be given on request. 


“Elektron” die 


®. Sole Producers and Proprietors of the Trade Mark “Elektron’’: MAGNESIUM ELEKTRON LIMITED. Works, near Manchester © Licensed Manufacturers : 

Castings: STERLING METALS LIMITED.. Road. all, THE BIRMINGHAM INI TING (1903) COMPANY LIMITED, Birmid 

Works, Smethwick, Birmin; STONE & COMPANY LIMITED. , London, S.£.14 & Tubes: BOOTH 
CO. (1915) LIMITED, Argyle Street Works. Nechelfs, Birmungtfam, 7 © Sheet, fatrusions, Ete: L .. Woodgate, in, Birmingham 

© Suppliers of Magnesium and ‘‘Elektron’’ Metal for the British Empire: FA HUGHES & CO. LIMITED, Abbey House. Baker St. London, N.W.I 


T.G.S. 
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Page Page 
A Blast Furnace Turbo-Blower. Method of Sclero-Grating Em- 
. For 140,000 cu. ft./min. Output ployed for the Study of Grain 
+ | HIS at 341b. per sq. in. g. Pressure. By Boundaries and of Nitrided ‘ 
D. W. Rudorff, <A.A.1.E.E., Cases : Grain Structure Revealed 
: M.Inst.F., F.R.S.A. .. . 173-176 by Cutting. By Bo. W. L. 
: A series of test results is reviewed Ljunggren 191-192 
: in this article which concern un- Recent Dev elopmente is in “Materials, . 
: usually exhaustive test reports Tools and Equipment 193 “ 
; relating to a large blast furnace A new Shorter flame hardening 
¢ A BIN ET ; turbo-blower installed in Russia. machine. 
: ; Reviews of Current Literature .. 194 
: rent heme of ‘distri bution un Cast Metals Handbook. Quan- 
operation, “ating S . 
British with the Microphotometer. Metal- 
. lurgical and Industrial Radiology. 
The Lron and Steel Institute .. 178 Direct 195-196 
The Institute of Metals 178 irec oltler Motors 


Notching—Its Effect on Coarse 


Modern rolling mill practice tends 
towards the use of individual 
motor drives for roller tables, and 
it is suggested that low-frequency 
motors fed from either a constant- 
or variable-frequency generator 
aluminium alloy and brass under oot, offer the mont economical and 
limited and free deformation in satisfactory solution. 

tensile tests is described. The A Note on the Macro-Etching of 
dependence of resistance to de- Magnesium-Alloy Forgings. By 
formation and deformation capa- W. H. Dearden, M.Se. . 


and Fine Crystalline Materials 
at Low and Elevated Tempera- 
tures. By Dr. George Welter .. 179-186 
An investigation on the plastic 
behaviour of Armco iron, zine, 


city on notches, temperature and Electrolytic Corrosion of Ship 
crystalline structure is discussed, Structures. By Dr. J. H. 
: following the results of tests, Paterson 

? You will then : Difliculties Encountered in Re- In this article are discussed the 
cording High src egaane as 186 effect of air and waier on steel, 
be able to re- Correspondence... .. «+ 187-188 surface films, localised corrosion, 
Report of Corrosion Research dissimilar metals contact, 
Work at Cambridge University. similar metals of different com- 
fer to contents By Dr. U. R. 189-190 position, — the to 
This Report reviews the work in corrosion of steel in a condition of 
of previou s progress at the Cambridge Uni- strain, notch corrosion, the effect 
versity up till the outbreak of of stray electric currents, and 

hostilities. protective media, 


issues easily. 


196 


197-200 


INDUSTRIAL 
| SERVICES LTD 


21, ALBION ST. 
GAYTHORN 


ICTURES have an_ international appeal 
knowing no bounds of language. 


They tell their story quickly and convincingly 
—If they are good pictures. 


We have specialised in engineering subjects 
for many years and our artists appreciate 
the engineers’ outlook. They can put life 
and action into otherwise dull and un- 
interesting photographs in a manner that 
pleases the eye without offending the 
engineers’ sense of correctness. 


ART For your next photographs and drawings 
of machines, plant etc., consult, without 
obligation, 


INDUSTRIAL ART SERVICES LTD 


MANCHESTER. 


Telephone CEN 2574 
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